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Wl Linear Products 

introduction 

National Semiconductor Corporation first established itself 
as the Linear Leader in 1967 with the introduction of the 
FIRST MONOLITHIC VOLTAGE REGULATOR . . . LM100. In 
the 20 years since, many of our products were firsts in per- 
formance and function. Today, this catalog spans the tradi- 
tional areas of Op Amps, Voltage Regulators, Voltage Refer- 
ences and Temperature Sensors, to Data Acquisition, Com- 
munication, Automotive, and Power Plus Control. National 
Semiconductor intends to remain a leader in the traditional 
product areas while forging ahead into VLSI solutions for an- 
alog problems and analog systems. 

You can rely on National LINEAR to develop the most com- 
prehensive product offering for use in the commercial, com- 
puter, automotive, telecommunication, industrial or military 
business segments. More than 1,000 basic LINEAR products 
(5400 options) allow design engineers to find the optimum 
Linear 1C solution from National Semiconductor. 

The Linear product line is presented in 3 Databooks. All sec- 
tions are referenced and cross-indexed to provide quick and 
easy access. The technical information and basic product 
specifications are presented in data sheet format, including 
maximum ratings, electrical characteristics, performance 
curves and package information. 

Additional application information is available as specific ap- 
plication notes or completely compiled in the LINEAR APPLI- 
CATIONS HANDBOOK. A product cross reference to the 
specific application note has been provided. This handbook 
and the 3-volume set of Linear Data Books represent a com- 
plete base of information to the National LINEAR product 
line. 
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Data Sheet Identification 

Product Status 

Definition 

Advaitem information 

Formative or 

In Design 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 

; Preliminary - V . 

First 

Production 

This data sheet contains preliminary data, and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

No 

identification 

Full 

Production 

This data sheet contains final specifications. National Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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LH4010 Fast FET Buffer 4-62 

LH401 1 Fast Open Loop Buffer 4-70 

LH401 2 Wideband Buffer 4-78 

LH4033C Fast and Ultra Fast Buffer Amplifiers — 4-86 

LH4063C Fast and Ultra Fast Buffer Amplifiers 4-86 

LH4101 Wideband High Current Operational Amplifier 3-249 

LH4104 Fast Settling High Current Operational Amplifier 3-254 

LH4105 Precision Fast Settling High Current Operational Amplifier 3-260 

LH4106 +5V High Speed Operational Amplifier 3-266 

LH41 17 Precision RF Amplifier 3-271 

LH41 18 Low Gain Wide Band RF Amplifier 3-277 

LH4124C High Slew Rate Operational Amplifier 3-287 

LH41 41 C 0.2-Amp Power Operational Amplifier 3-291 

LH4161 High Speed Operational Amplifier 3-298 

LH4162 Dual High Speed Operational Amplifier 3-304 

LH4200 General Purpose GaAs FET Amplifier 3-312 

LH7001 Positive/ Negative Adjustable Regulator 1-18 

LM10 Operational Amplifier and Voltage Reference 3-319 

LM1 1 Operational Amplifier 3-335 

LM12(L) 150W Operational Amplifier 3-348 

LM78G 4-Terminal Adjustable Regulator 1-284 

LM78L00 Series 3-Terminal Positive Regulators 1-299 

LM78LXX Series 3-Terminal Positive Regulators 1-294 

LM78MG 4-Terminal Positive Regulator 1-307 

LM78MXX Series 3-Terminal Positive Regulators 1-318 

LM78S40 Universal Switching Regulator Subsystem 2-86 

LM78XX Series Voltage Regulators 1-271 

LM79G 4-Terminal Adjustable Regulator 1-284 

LM79LXXAC Series 3-Terminal Adjustable Negative Regulators 1-337 
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Alpha-Numeric Index (Continued) 

LM79MG 4-Terminal Positive Regulator 

LM79MXX Series 3-Terminal Negative Regulators 

LM79XX Series 3-Terminal Negative Regulators 

LM101A Operational Amplifier 

LM102 Voltage Follower 

LM1 04 Negative Regulator 

LM 1 05 Voltage Regulator 

LM1 06 Voltage Comparator 

LM107 Operational Amplifier * 

LM108 Operational Amplifier 

LM108A Operational Amplifier 

LM109 5-Volt Regulator 

LM1 10 Voltage Follower 

LM1 11 Voltage Comparator 

LM1 1 2 Operational Amplifiers 

LM1 17 3-Terminal Adjustable Regulator 

LM1 17HV 3-Terminal Adjustable Regulator 

LM1 1 8 Operational Amplifiers 

LM1 19 High Speed Dual Comparator 

LM120 Series 3-Terminal Negative Regulator 

LM123 3-Amp, 5-Volt Positive Regulator 

LM124 Low Power Quad Operational Amplifiers 

LM125 Voltage Regulator 

LM126 Voltage Regulator 

LM133 3-Amp Adjustable Negative Voltage Regulator 

LM137 3-Terminal Adjustable Negative Regulator 

LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) 

LM138 5-Amp Adjustable Power Regulator 

LM1 39 Low Power Low Offset Voltage Quad Comparator 

LM140 Series 3-Terminal Positive Regulators 

LM140L Series 3-Terminal Positive Regulators 

LM143 High Voltage Operational Amplifier 

LM144 High Voltage, High Slew Rate Operational Amplifier 

LM145 Negative 3- Amp Regulator 

LM146 Programmable Quad Operational Amplifier 

LM148 Quad 741 Operational Amplifiers 

LM149 Wide Band Decompensated (Ay(M IN) = 5) 

LM150 3-Amp Adjustable Power Regulator 

LM158 Low Power Dual Operational Amplifier 

LM160 High Speed Differential Comparator 

LM161 High Speed Differential Comparator 

LM1 93 Low Power Low Offset Voltage Dual Comparator 

LM196 10-Amp Adjustable Voltage Regulator 

LM201A Operational Amplifier 

LM204 Negative Regulator 

LM205 Voltage Regulator 

LM206 Voltage Comparator 

LM207 Operational Amplifier 

LM208 Operational Amplifier 

LM208A Operational Amplifier 

LM210 Voltage Follower 
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3-361 
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. 1-28 
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Alphanumeric Index (Continued) 

LM21 1 Voltage Comparator 5-21 

LM21 2 Operational Amplifiers 3-390 

LM21 8 Operational Amplifiers 3-395 

LM219 High Speed Dual Comparator 5-34 

LM221 Precision Preamplifier 6-37 

LM224 Low Power Quad Operational Amplifiers 3-405 

LM239 Low Power Low Offset Voltage Quad Comparator 5-40 

LM246 Programmable Quad Operational Amplifier 3-435 

LM248 Quad 741 Operational Amplifiers 3-447 

LM249 Wide Band Decompensated (Av(MIN) = 5) 3-447 

LM258 Low Power Dual Operational Amplifier 3-460 

LM260 High Speed Differential Comparator 5-52 

LM261 High Speed Differential Comparator 5-56 

LM293 Low Power Low Offset Voltage Dual Comparator 5-61 

LM301 A Operational Amplifier 3-361 

LM302 Voltage Follower 4-97 

LM304 Negative Regulator 1-28 

LM305 Voltage Regulator 1-32 

LM306 Voltage Comparator 5-17 

LM307 Operational Amplifier 3-371 

LM308 Operational Amplifier 3-377 

LM308A Operational Amplifier 3-384 

LM309 5-Volt Regulator 1-39 

LM310 Voltage Follower 4-103 

LM31 1 Voltage Comparator — 5-21 

LM31 2 Operational Amplifiers 3-390 

LM317 3-Terminal Adjustable Regulator 1-45 

LM317HV 3-Terminal Adjustable Regulator 1-57 

LM317L 3-Terminal Adjustable Regulator 1-161 

LM31 8 Operational Amplifiers 3-395 

LM319 High Speed Dual Comparator 5-34 

LM320 Series 3-Terminal Negative Regulator 1-67 

LM320L 3-Terminal Negative Regulator 1-172 

LM321 Precision Preamplifier 6-37 

LM323 3-Amp, 5-Volt Positive Regulator 1-76 

LM324 Low Power Quad Operational Amplifiers 3-405 

LM325 Voltage Regulator 1-82 

LM326 Voltage Regulator 1-82 

LM330 3-Terminal Positive Regulator 1-177 

LM333 3-Amp Adjustable Negative Voltage Regulator 1-90 

LM337 3-Terminal Adjustable Negative Regulator 1-97 

LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage) 1-103 

LM337L 3-Terminal Adjustable Regulator 1-182 

LM338 5-Amp Adjustable Power Regulator 1-109 

LM339 Low Power Low Offset Voltage Quad Comparator 5-40 

LM340 Series 3-Terminal Positive Regulators 1-121 

LM340L Series 3-Terminal Positive Regulators 1-129 

LM341 Series 3-Terminal Positive Regulators 1-184 

LM342 Series 3-Terminal Positive Regulators 1-188 

LM343 High Voltage Operational Amplifier 3-418 

LM344 High Voltage, High Slew Rate Operational Amplifier 3-428 
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Alpha-Numeric Index (Continued) 

LM345 Negative 3-Amp Regulator 1-133 

LM346 Programmable Quad Operational Amplifier 3-435 

LM348 Quad 741 Operational Amplifiers 3-447 

LM349 Wide Band Decompensated (Av(MIN) = 5) 3-447 

LM350 3-Amp Adjustable Power Regulator 1-137 

LM358 Low Power Dual Operational Amplifier 3-460 

LM359 Dual, High Speed, Programmable Current Mode (Norton) Amplifier 3-477 

LM360 High Speed Differential Comparator 5-52 

LM361 High Speed Differential Comparator 5-56 

LM363 Precision Instrumentation Amplifier 6-46 

LM376 Voltage Regulator 1-32 

LM392 Low Power Operational Amplifier/Voltage Comparator 3-473 

LM393 Low Power Low Offset Voltage Dual Comparator 5-61 

LM396 10-Amp Adjustable Voltage Regulator — 1-149 

LM431 A Adjustable Precision Zener Shunt Regulator 1-193 

LM494 Pulse Width Modulated Control Circuit 2-17 

LM604 4-Channel MUX-Amp 3-495 

LM607 Precision Operational Amplifier 3-508 

LM61 1 Adjustable Micropower Floating Voltage Reference and Single-Supply 

Operational Amplifier 3-516 

LM613 Dual Operational Amplifiers, Dual Comparators, and Adjustable Reference 3-528 

LM614 Quad Operational Amplifier and Adjustable Reference 3-544 

LM627 Precision Operational Amplifiers 3-557 

LM637 Precision Operational Amplifiers — 3-557 

LM675 Power Operational Amplifier 3-566 

LM710 Voltage Comparator 5-70 

LM723 Voltage Regulator 1-200 

LM725 Operational Amplifier 3-573 

LM741 Operational Amplifier 3-581 

LM759 Power Operational Amplifier 3-584 

LM776 Multi-Purpose Programmable Operational Amplifier 3-595 

LM833 Dual Audio Operational Amplifier 3-604 

LM837 Low Noise Quad Operational Amplifier. 3-613 

LM1414 Dual Differential Voltage Comparator 5-74 

LM1458 Dual Operational Amplifier 3-619 

LM1514 Dual Differential Voltage Comparator 5-74 

LM1524D Regulating Pulse Width Modulator 2-24 

LM1525A Pulse Width Modulator 2-41 

LM1527A Pulse Width Modulator 2-41 

LM1558 Dual Operational Amplifier 3-619 

LM1 575-5.0 Simple Switcher Step-Down Voltage Regulator 2-51 

LM1 578 A Switching Regulator 2-59 

LM2524D Regulating Pulse Width Modulator 2-24 

LM2575-5.0 Simple Switcher Step-Down Voltage Regulator 2-51 

LM2578A Switching Regulator 2-59 

LM2579 Switching Regulator 2-73 

LM2900 Quad Amplifier 3-621 

LM2901 Low Power Low Offset Voltage Quad Comparator 5-40 

LM2902 Low Power Quad Operational Amplifiers 3-405 

LM2903 Low Power Low Offset Voltage Dual Comparator 5-61 

LM2904 Low Power Dual Operational Amplifier 3-460 
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Alpha-Numeric Index (Continued) 

LM2924 Low Power Operational Amplifier/Voltage Comparator 3-473 

LM2925 Low Dropout Regulator with Delayed Reset 1-209 

LM2930 3-Terminal Positive Regulator 1-215 

LM2931 Series Low Drop-Out Regulators 1-220 

LM2935 Low Dropout Dual Regulator 1-226 

LM2936 Ultra-Low Quiescent Current 5V Regulator 1-234 

LM2940 1 A Low Dropout Regulator 1-239 

LM2940C1A Low Dropout Regulator 1-244 

LM2941 1 A Low Dropout Adjustable Regulator 1-248 

LM2941C 1 A Low Dropout Adjustable Regulator 1-253 

LM2984C Microprocessor Power Supply System 1-258 

LM3080 Operational Transconductance Amplifier 3-639 

LM3301 Quad Amplifier 3-621 

LM3302 Low Power Low Offset Voltage Quad Comparator 5-40 

LM3303 Quad Operational Amplifier 3-643 

LM3401 Quad Amplifier 3-621 

LM3403 Quad Operational Amplifier 3-643 

LM3503 Quad Operational Amplifier 3-643 

LM3524D Regulating Pulse Width Modulator 2-24 

LM3525A Pulse Width Modulator 2-41 

LM3527A Pulse Width Modulator 2-41 

LM3578A Switching Regulator 2-59 

LM3900 Quad Amplifier 3-621 

LM4136 Quad Operational Amplifier 3-651 

LM4250 Programmable Operational Amplifier 3-659 

LM61 18 Fast Settling Dual Operational Amplifier 3-666 

LM6121 High Speed Buffer 4-116 

LM6125 High Speed Buffer 4-121 

LM6161 High Speed Operational Amplifier 3-675 

LM6164 High Speed Operational Amplifier 3-682 

LM6165 High Speed Operational Amplifier 3-689 

LM6218 Fast Settling Dual Operational Amplifier 3-666 

LM6221 High Speed Buffer 4-116 

LM6225 High Speed Buffer 4-121 

LM6261 High Speed Operational Amplifier 3-675 

LM6264 High Speed Operational Amplifier 3-682 

LM6265 High Speed Operational Amplifier 3-689 

LM6313 High Speed, High Power Operational Amplifier 3-696 

LM6321 High Speed Buffer 4-116 

LM6325 High Speed Buffer 4-121 

LM6361 High Speed Operational Amplifier 3-675 

LM6364 High Speed Operational Amplifier 3-682 

LM6365 High Speed Operational Amplifier 3-689 

LM7800 Series Voltage Regulators 1-274 

LM7900 Series 3-Terminal Negative Regulators 1-332 

LM13080 Programmable Power Operational Amplifier 3-705 

LM13600 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 3-713 

LM13700 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 3-731 

LMC660 CMOS Quad Operational Amplifier 3-751 

LMC662 CMOS Dual Operational Amplifier 3-759 

LMC669 Auto Zero 3-768 
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Alpha-Numeric Index (Continued) 

LMC7660 Switched Capacitor Voltage Converter 2-93 

LP124 Micropower Quad Operational Amplifier 3-782 

LP265 Micropower Programmable Quad Comparator 5-76 

LP31 1 Voltage Comparator 5-84 

LP324 Micropower Quad Operational Amplifier 3-782 

LP339 Ultra-Low Power Quad Comparator 5-88 

LP365 Micropower Programmable Quad Comparator 5-76 

LP2902 Micropower Quad Operational Amplifier 3-782 

LP2950 5V Adjustable Micropower Voltage Regulator 1-345 

LP2951 Adjustable Micropower Voltage Regulator 1-345 

LPC660 CMOS Quad Operational Amplifier 3-789 

LPC662 CMOS Dual Operational Amplifier 3-796 

OP-07 Low Offset, Low Drift Operational Amplifier 3-803 

TL081CP Wide Bandwidth JFET Input Operational Amplifier 3-809 

TL082CP Wide Bandwidth Dual JFET Input Operational Amplifier 3-816 
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National 

Semiconductor 

Available Hybrid Products 


Device Number 

Databook 

ADC1210/ADC121 1 

Data Acquisition Linear Devices 

AF100 

Data Acquisition Linear Devices 

AF150 

Data Acquisition Linear Devices 

AF151 

Data Acquisition Linear Devices 

AH001 4/AH001 5/AH001 9 

Data Acquisition Linear Devices 

DH0006 

Individual Datasheet 

DH0008 

Individual Datasheet 

DH0011 

Individual Datasheet 

DH0034 

Individual Datasheet 

DH0035 

Individual Datasheet 

DH3467 

Individual Datasheet 

DH3725 

Individual Datasheet 

LH0002 

General Purpose Linear Devices 

LH0003 

General Purpose Linear Devices 

LH0004 

General Purpose Linear Devices 

LH0020 

General Purpose Linear Devices 

LH0021/LH0041 

General Purpose Linear Devices 

LH0022/LH0042/LH0052 

General Purpose Linear Devices 

LH0023/LH0043 

Data Acquisition Linear Devices 

LH0024 

General Purpose Linear Devices 

LH0032 

General Purpose Linear Devices 

LH0033/LH0063 

General Purpose Linear Devices 

LH0036 

General Purpose Linear Devices 

LH0038 

General Purpose Linear Devices 

LH0044 

General Purpose Linear Devices 

LH0045 

General Purpose Linear Devices 

LH0053 

Data Acquisition Linear Devices 

LH0061 

General Purpose Linear Devices 

LH0062 

General Purpose Linear Devices 

LH0070/LH0071 

Data Acquisition Linear Devices 

LH0075 

General Purpose Linear Devices 

LH0076 

General Purpose Linear Devices 

LH0082 

General Purpose Linear Devices 

LH0084 

General Purpose Linear Devices 

LH0086 

General Purpose Linear Devices 

LH0091 

Special Purpose Linear Devices 

LH0094 

Special Purpose Linear Devices 

LH0101 

General Purpose Linear Devices 


xix 


Available Hybrid Products 



Available Hybrid Products 


Device Number 

Databook 

LH1605 

General Purpose Linear Devices 

LH2101 

General Purpose Linear Devices 

LH2108/LH2308 

General Purpose Linear Devices 

LH21 1 0/LH221 0/LH231 0 

General Purpose Linear Devices 

LH21 1 1 /LH221 1 /LH231 1 

General Purpose Linear Devices 

LH2422 

Special Purpose Linear Devices 

LH4001 

General Purpose Linear Devices 

LH4002 

General Purpose Linear Devices 

LH4003 

General Purpose Linear Devices 

LH4004 

General Purpose Linear Devices 

LH4006 

General Purpose Linear Devices 

LH4008 

General Purpose Linear Devices 

LH4009 

General Purpose Linear Devices 

LH4010 

General Purpose Linear Devices 

LH4011 

General Purpose Linear Devices 

LH4012 

General Purpose Linear Devices 

LH4033/LH4063 

General Purpose Linear Devices 

LH4101 

General Purpose Linear Devices 

LH4104 

General Purpose Linear Devices 

LH4105 

General Purpose Linear Devices 

LH4106 

General Purpose Linear Devices 

LH4117 

General Purpose Linear Devices 

LH4118 

General Purpose Linear Devices 

LH4124 

General Purpose Linear Devices 

LH4141 

General Purpose Linear Devices 

LH4161 

General Purpose Linear Devices 

LH4162 

General Purpose Linear Devices 

LH4200 

General Purpose Linear Devices 

LH4266 

Special Purpose Linear Devices 

LH4860 

Data Acquisition Linear Devices 

LH7001 

General Purpose Linear Devices 

LH7070/LH7071 

Data Acquisition Linear Devices 

HS7067 

General Purpose Linear Devices 

HS7107 

General Purpose Linear Devices 

MH0007 

Individual Datasheet 
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National 

Semiconductor 


Additional Available Linear Devices 


Device 

ADC0800 8-Bit A/D Converter Data Acquisition 

ADC0801 8-Bit juP Compatible A/D Converter Data Acquisition 

ADC0802 8-Bit jxP Compatible A/D Converter Data Acquisition 

ADC0803 8-Bit jxP Compatible A/D Converter Data Acquisition 

ADC0804 8-Bit jxP Compatible A/D Converter Data Acquisition 

ADC0805 8-Bit jxP Compatible A/D Converter Data Acquisition 

ADC0808 8-Bit jxP Compatible A/D Converter with 8-Channel 

Multiplexer Data Acquisition 

ADC0809 8-Bit /xP Compatible A/D Converter with 8-Channel 

Multiplexer Data Acquisition 

ADC081 1 8-Bit Serial I/O A/D Converter with 1 1 -Channel Multiplexer Data Acquisition 

ADC0816 8-Bit jxP Compatible A/D Converter with 16-Channel 

Multiplexer Data Acquisition 

ADC0817 8-Bit jxP Compatible A/D Converter with 16-Channel 

Multiplexer Data Acquisition 

ADC081 9 8-Bit Serial I/O A/D Converter with 1 9-Channel Multiplexer Data Acquisition 

ADC0820 8-Bit High Speed jxP Compatible A/D Converter with 

Track/Hold Function Data Acquisition 

ADC0829 jxP Compatible 8-Bit A/D with 1 1 -Channel MUX/Digital Input . . Data Acquisition 

ADC0831 8-Bit Serial I/O A/D Converter with Multiplexer Options Data Acquisition 

ADC0832 8-Bit Serial I/O A/D Converter with Multiplexer Options Data Acquisition 

ADC0833 8-Bit Serial I/O A/D Converter with 4-Channel Multiplexer Data Acquisition 

ADC0834 8-Bit Serial I/O A/D Converter with Multiplexer Options Data Acquisition 

ADC0838 8-Bit Serial I/O A/D Converter with Multiplexer Options Data Acquisition 

ADC0841 8-Bit jxP Compatible A/D Converter Data Acquisition 

ADC0844 8-Bit jxP Compatible A/D Converter with Multiplexer Options . . Data Acquisition 
ADC0848 8-Bit jxP Compatible A/D Converter with Multiplexer Options . . Data Acquisition 

ADC0852 Multiplexed Comparator with 8-Bit Reference Divider Data Acquisition 

ADC0854 Multiplexed Comparator with 8-Bit Reference Divider Data Acquisition 

ADC1 001 1 0-Bit jxP Compatible A/D Converter Data Acquisition 

ADC1 005 1 0-Bit jxP Compatible A/D Converter Data Acquisition 

ADC1 021 1 0-Bit jxP Compatible A/D Converter Data Acquisition 

ADC1025 10-Bit jxP Compatible A/D Converter Data Acquisition 

ADC1205 12-Bit Plus Sign jxP Compatible A/D Converter Data Acquisition 

ADC1 210 1 2-Bit CMOS A/D Converter Data Acquisition 

ADC1 21 1 1 2-Bit CMOS A/D Converter Data Acquisition 

ADC1 225 1 2-Bit Plus Sign jxP Compatible A/D Converter Data Acquisition 

ADC351 1 3y 2 -Digit Microprocessor Compatible A/D Converter Data Acquisition 

ADC371 1 3 3 / 4 -Digit Microprocessor Compatible A/D Converter Data Acquisition 

ADD3501 3y 2 -Digit DVM with Multiplexed 7-Segment Output Data Acquisition 

ADD3701 3 3 / 4 -Digit DVM with Multiplexed 7-Segment Output Data Acquisition 

AF100 Universal Active Filter Data Acquisition 

AF150 Universal Wideband Active Filter Data Acquisition 

AF151 Dual Universal Active Filter Data Acquisition 

AH0014 Dual DPST-TTL/DTL Compatible MOS Analog Switch Data Acquisition 
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xxi 


Additional Available Linear Devices 




Additional Available Linear Devices 


Additional Available Linear Devices (Continued) 

Device 

AH0015 Quad SPST Dual DPST-TTL/DTL Compatible MOS Analog 

Switch 

AH0019 Dual DPST-TTL/DTL Compatible MOS Analog Switch 

AH5009 Monolithic Analog Current Switch 

AH501 0 Monolithic Analog Current Switch 

AH501 1 Monolithic Analog Current Switch 

AH5012 Monolithic Analog Current Switch 

AH5020C Monolithic Analog Current Switch 

CD4016BM Quad Bilateral Switch 

CD4051BM Single 8-Channel Analog Multiplexer/Demultiplexer 

CD4052BM Dual 4-Channel Analog Multiplexer/Demultiplexer 

CD4053BM Triple 2-Channel Analog Multiplexer/Demultiplexer 

CD4066BM Quad Bilateral Switch 

CD4529BC Dual 4-Channel or 8-Channel Analog Data Selector 

DAC0630 Triple 6-Bit Video DAC with Color Pallette 

DAC0631 Triple 6-Bit Video DAC with Color Pallette 

DAC0800 8-Bit D/A Converter 

DAC0801 8-Bit D/A Converter 

DAC0802 8-Bit D/A Converter 

DAC0806 8-Bit D/A Converter 

DAC0807 8-Bit D/A Converter 

DAC0808 8-Bit D/A Converter 

DAC0830 8-Bit julP Compatible Double-Buffered D/A Converter 

DAC0831 8-Bit jitP Compatible Double-Buffered D/A Converter 

DAC0832 8-Bit juP Compatible Double-Buffered D/A Converter 

DAC1000 jxP Compatible, Double-Buffered D/A Converter 

DAC1001 juP Compatible, Double-Buffered D/A Converter 

DAC 1002 ju,P Compatible, Double-Buffered D/A Converter 

DAC1006 ju,P Compatible, Double-Buffered D/A Converter 

DAC1007 juP Compatible, Double-Buffered D/A Converter 

DAC1008 juP Compatible, Double-Buffered D/A Converter 

DAC1020 10-Bit Binary Multiplying D/A Converter 

DAC1021 10-Bit Binary Multiplying D/A Converter 

DAC1022 10-Bit Binary Multiplying D/A Converter 

DAC1208 12-Bit juP Compatible Double-Buffered D/A Converter 

DAC1209 12-Bit juP Compatible Double-Buffered D/A Converter 

DAC1210 12-Bit juP Compatible Double-Buffered D/A Converter 

DAC1218 12-Bit Multiplying D/A Converter 

DAC1219 12-Bit Multiplying D/A Converter 

DAC1220 12-Bit Binary Multiplying D/A Converter 

DAC1221 12-Bit Binary Multiplying D/A Converter . 

DAC1222 12-Bit Binary Multiplying D/A Converter 

DAC1230 12-Bit juiP Compatible Double-Buffered D/A Converter 

DAC1231 12-Bit juP Compatible Double-Buffered D/A Converter 

DAC1232 12-Bit juP Compatible Double-Buffered D/A Converter 

DAC1265 Hi-Speed 12-Bit D/A Converter with Reference 

DAC1266 Hi-Speed 12-Bit D/A Converter 

DM2502 Successive Approximation Register 

DM2503 Successive Approximation Register 

DM2504 Successive Approximation Register 

LF198 Monolithic Sample and Hold Circuit 

LF298 Monolithic Sample and Hold Circuit 
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Additional Available Linear Devices (Continued) 

Device 

LF398A Monolithic Sample and Hold Circuit 

LF1 1201 Quad SPST JFET Analog Switch 

LF1 1 202 Quad SPST JFET Analog Switch 

LF1 1331 Quad SPST JFET Analog Switch 

LF1 1332 Quad SPST JFET Analog Switch 

LF1 1333 Quad SPST JFET Analog Switch 

LF1 3006 Digital Gain Set 

LF1 3007 Digital Gain Set 

LF13201 Quad SPST JFET Analog Switch 

LF13202 Quad SPST JFET Analog Switch 

LF13331 Quad SPST JFET Analog Switch 

LF13332 Quad SPST JFET Analog Switch 

LF13333 Quad SPST JFET Analog Switch 

LF13508 8-Channel Analog Multiplexer 

LF13509 4-Channel Analog Multiplexer 

LH0023 Sample and Hold Circuit 

LH0043 Sample and Hold Circuit 

LH0053 High Speed Sample and Hold Amplifier 

LH0070 Series BCD Buffered Reference 

LH0071 Series Precision Buffered Reference 

LH0091 True RMS to DC Converter 

LH0094 Multifunction Converter 

LH2422 CRT Video Driver Amplifier 

LH4266 SPDT RF Switch 

LH4860 Super Fast 12-Bit Track-Hold Amplifier 

LH7070 Series Precision BCD Buffered Reference 

LH7071 Series Precision Binary Buffered Reference 

LM34 Precision Fahrenheit Temperature Sensor 

LM35 Precision Centigrade Temperature Sensor 

LM113 Reference Diode 

LM122 Precision Timer 

LM129 Precision Reference 

LM131 Precision Voltage-to-Frequency Converter 

LM1 34 3-Terminal Adjustable Current Source 

LM135 Precision Temperature Sensor 

LM1 36-2. 5V Reference Diode 

LM1 36-5. 0V Reference Diode 

LM168 Precision Voltage Reference 

LM1 69 Precision Voltage Reference 

LM1 85 Adjustable Micropower Voltage Reference 

LM185-1.2 Micropower Voltage Reference Diode 

LM1 85-2.5 Micropower Voltage Reference Diode 

LM194 SuperMatch Pair 

LM1 95 Ultra Reliable Power Transistor 

LM199 Precision Reference 

LM231 Precision Voltage-to-Frequency Converter 

LM234 3-Terminal Adjustable Current Source 

LM235 Precision Temperature Sensor 

LM236-2.5V Reference Diode 

LM236-5.0V Reference Diode 

LM268 Precision Voltage Reference 

LM285 Adjustable Micropower Voltage Reference 
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Additional Available Linear Devices 


Additional Available Linear Devices (Continued) 

Device Databook 

LM285-1 .2 Micropower Voltage Reference Diode Data Acquisition Linear Devices 

LM285-2.5 Micropower Voltage Reference Diode Data Acquisition Linear Devices 

LM295 Ultra Reliable Power Transistor Special Purpose Linear Devices 

LM299 Precision Reference Data Acquisition Linear Devices 

LM313 Reference Diode Data Acquisition Linear Devices 

LM322 Precision Timer Special Purpose Linear Devices 

LM329 Precision Reference Data Acquisition Linear Devices 

LM331 Precision Voltage-to-Frequency Converter Data Acquisition Linear Devices 

LM334 3-Terminal Adjustable Current Source Data Acquisition Linear Devices 

LM335 Precision Temperature Sensor Data Acquisition Linear Devices 

LM336-2.5V Reference Diode Data Acquisition Linear Devices 

LM336-5.0V Reference Diode Data Acquisition Linear Devices 

LM368 Precision Voltage Reference Data Acquisition Linear Devices 

LM368-2.5 Precision Voltage Reference Data Acquisition Linear Devices 

LM369 Precision Voltage Reference Data Acquisition Linear Devices 

LM380 Audio Power Amplifier Special Purpose Linear Devices 

LM381 Low Noise Dual Preamplifier Special Purpose Linear Devices 

LM382 Low Noise Dual Preamplifier Special Purpose Linear Devices 

LM383 7 Watt Audio Power Amplifier Special Purpose Linear Devices 

LM384 5 Watt Audio Power Amplifier Special Purpose Linear Devices 

LM385 Adjustable Micropower Voltage Reference Data Acquisition Linear Devices 

LM385-1 .2 Micropower Voltage Reference Diode Data Acquisition Linear Devices 

LM385-2.5 Micropower Voltage Reference Diode Data Acquisition Linear Devices 

LM386 Low Voltage Audio Power Amplifier Special Purpose Linear Devices 

LM387 Low Noise Dual Preamplifier Special Purpose Linear Devices 

LM388 1.5-Watt Audio Power Amplifier — Special Purpose Linear Devices 

LM389 Low Voltage Audio Power Amplifier with NPN Transistor Array . . .Special Purpose Linear Devices 

LM390 1 Watt Battery Operated Audio Power Amplifier Special Purpose Linear Devices 

LM391 Audio Power Driver Special Purpose Linear Devices 

LM394 SuperMatch Pair Special Purpose Linear Devices 

LM395 Ultra Reliable Power Transistor Special Purpose Linear Devices 

LM399 Precision Reference Data Acquisition Linear Devices 

LM555 Timer Special Purpose Linear Devices 

LM555C Timer Special Purpose Linear Devices 

LM556 Dual Timer Special Purpose Linear Devices 

LM556C Dual Timer Special Purpose Linear Devices 

LM565 Phase Locked Loop Special Purpose Linear Devices 

LM565C Phase Locked Loop Special Purpose Linear Devices 

LM566C Voltage Controlled Oscillator Special Purpose Linear Devices 

LM567 Tone Decoder Special Purpose Linear Devices 

LM567C Tone Decoder Special Purpose Linear Devices 

LM592 Differential Video Amplifier Special Purpose Linear Devices 

LM621 Brushless Motor Commutator Special Purpose Linear Devices 

LM628 Precision Motion Controller Special Purpose Linear Devices 

LM629 Precision Motion Controller Special Purpose Linear Devices 

LM733 Differential Video Amplifier Special Purpose Linear Devices 

LM733C Differential Video Amplifier Special Purpose Linear Devices 

LM831 Low Voltage Audio Power Amplifier Special Purpose Linear Devices 

LM832 Dynamic Noise Reduction System DNR Special Purpose Linear Devices 

LM903 Fluid Level Detector Special Purpose Linear Devices 

LM1035 Dual DC Operated Tone/Volume/Balance Circuit Special Purpose Linear Devices 

LM1036 Dual DC Operated Tone/Volume/Balance Circuit Special Purpose Linear Devices 
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Additional Available Linear Devices (Continued) 

Device 

LM1037 Dual Four-Channel Analog Switch Special Purpose 

LM1038 Dual Four-Channel Analog Switch Special Purpose 

LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo 

Enhancement Facility Special Purpose 

LM1042 Fluid Level Detector Special Purpose 

LM1 044 Analog Video Switch Special Purpose 

LM1 1 12A Dolby B-Type Noise Reduction Processor Special Purpose 

LM1 1 12B Dolby B-Type Noise Reduction Processor Special Purpose 

LM1 1 12C Dolby B-Type Noise Reduction Processor Special Purpose 

LM1 131 A Dual Dolby B-Type Noise Reduction Processor Special Purpose 

LM1201 Video Amplifier System Special Purpose 

LM1 203 RGB Video Amplifier System Special Purpose 

LM1211 Broadband Demodulator System Special Purpose 

LM1391 Phase-Locked Loop Special Purpose 

LM1496 Balanced Modulator-Demodulator Special Purpose 

LM1596 Balanced Modulator-Demodulator Special Purpose 

LM1800 Phase-Locked Loop FM Stereo Demodulator Special Purpose 

LM1801 Battery Operated Power Comparator Special Purpose 

LM1812 Ultrasonic Transceiver Special Purpose 

LM1 81 5 Adaptive Sense Amplifier Special Purpose 

LM1818 Electronically Switched Audio Tape System Special Purpose 

LM1 81 9 Air-Core Meter Driver Special Purpose 

LM1 823 Video IF Amplifier/PLL Detection System Special Purpose 

LM1830 Fluid Detector Special Purpose 

LM1837 Low Noise Preamplifier for Autoreversing Tape Playback 

System Special Purpose 

LM1851 Ground Fault Interrupter Special Purpose 

LM1863 AM Radio System for Electronically Tuned Radio Special Purpose 

LM1865 Advanced FM IF System Special Purpose 

LM1866 Low Voltage AM/FM Receiver Special Purpose 

LM1868 AM/FM Radio System Special Purpose 

LM1870 Stereo Demodulator with Blend Special Purpose 

LM1871 RC Encoder/Transmitter Special Purpose 

LM1872 Radio Control Receiver/Decoder Special Purpose 

LM1 875 20 Watt Power Audio Amplifier Special Purpose 

LM1 877 Dual Power Audio Amplifier Special Purpose 

LM1880 No-Holds Vertical/Horizontal Special Purpose 

LM1881 Video Sync Separator Special Purpose 

LM1884 TV Stereo Decoder Special Purpose 

LM1 886 TV Video Matrix D to A Special Purpose 

LM1 889 TV Video Modulator Special Purpose 

LM1 893 Carrier Current Transceiver Special Purpose 

LM1894 Dynamic Noise Reduction System DNR Special Purpose 

LM1 895 Audio Power Amplifier Special Purpose 

LM1896 Dual Power Audio Amplifier Special Purpose 

LM1897 Low Noise Preamplifier for Tape Playback System Special Purpose 

LM1921 1 Amp Industrial Switch Special Purpose 

LM1 946 Over/Under Current Limit Diagnostic Circuit Special Purpose 

LM1949 Injector Drive Controller Special Purpose 

LM1951 Solid State 1 Amp Switch Special Purpose 

LM1964 Sensor Interface Amplifier Special Purpose 

LM1965 Advanced FM IF System Special Purpose 
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Additional Available Linear Devices (Continued) 

Device 

LM2002 8 Watt Audio Power Amplifier 

LM2005 20 Watt Automotive Power Amplifier 

LM2065 Advanced FM IF System 

LM2877 Dual 4 Watt Power Audio Amplifier 

LM2878 Dual 5 Watt Power Audio Amplifier 

LM2879 Dual 8 Watt Audio Amplifier 

LM2889 TV Video Modulator 

LM2893 Carrier Current Transceiver . 

LM2896 Dual Power Audio Amplifier 

LM2905 Precision Timer ; 

LM2907 Frequency to Voltage Converter 

LM291 7 Frequency to Voltage Converter 

LM3045 Transistor Array 

LM3046 Transistor Array 

LM3086 Transistor Array 

LM3089 FM Receiver IF System 

LM3146 High Voltage Transistor Array 

LM3189FM IF System 

LM3361 A Low Voltage/Power Narrow Band FM IF System 

LM3820 AM Radio System 

LM3905 Precision Timer 

LM3909 LED Flasher/Oscillator 

LM3911 Temperature Controller 

LM3914 Dot/Bar Display Driver 

LM3915 Dot/Bar Display Driver 

LM3916 Dot/Bar Display Driver 

LM3999 Precision Reference 

LM4500A High Fidelity FM Stereo Demodulator with Blend 

LM18293 Four Channel Push Pull Driver 

LMC555 CMOS Timer 

LMC567 Low Power Tone Decoder 

LMC568 Low Power Phase-Locked Loop 

LMC835 Digital Controlled Graphic Equalizer 

LMF90 4th-Order LMCMOS™ Programmable Elliptic Notch Filter 

LMF100 High Performance Dual Switched Capacitor Filter 

LMF120 Mask Programmable Switched Capacitor Filter 

LP395 Ultra Reliable Power Transistor 

MF4 4th Order Switched Capacitor Butterworth Lowpass Filter . . . 

MF5 Universal Monolithic Switched Capacitor Filter 

MF6 6th Order Switched Capacitor Butterworth Lowpass Filter . . . 

MF8 4th Order Switched Capacitor Bandpass Filter 

MF10 Universal Monolithic Dual Switched Capacitor Filter 

MM54C905 12-Bit Successive Approximation Register 

MM54HC4016 Quad Analog Switch 

MM54HC4051 8-Channel Analog Multiplexer 

MM54HC4052 Dual 4-Channel Analog Multiplexer 

MM54HC4053 Triple 2-Channel Analog Multiplexer 

MM54HC4066 Quad Analog Switch 

MM54HC4316 Quad Analog Switch with Level Translator 

MM74C905 12-Bit Successive Approximation Register 

MM74HC401 6 Quad Analog Switch 

MM74HC4051 8-Channel Analog Multiplexer 
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Additional Available Linear Devices (Continued) 

Device 

MM74HC4052 Dual 4-Channel Analog Multiplexer 

MM74HC4053 Triple 2-Channel Analog Multiplexer 

MM74HC4066 Quad Analog Switch 

MM74HC4316 Quad Analog Switch with Level Translator . . 
juA9708 6-Channel 8-Bit juP Compatible A/D Converter 


Databook 

Data Acquisition Linear Devices 
Data Acquisition Linear Devices 
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Data Acquisition Linear Devices 
Data Acquisition Linear Devices 
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Cross Reference by Part Number 



National 

Semiconductor 


CROSS REFERENCE BY PART NUMBER 

A complete interchangeability list of Linear IC’s offered by most Integrated Circuit 

Manufacturers are listed in this section and reference the nearest National Semi- 
conductor Corp. direct replacement or recommended replacement with either an 
improved or functional replacement. The following notations are appended to as- 

sist you in finding the best option. 


No reference note 

“DIRECT REPLACEMENT’’ 

Note (1) 

, “IMPROVED REPLACEMENT’’ Pin- 


for-Pin replacement with “SUPERI- 
OR” Electrical Specifications. 

Note (2) 

, “FUNCTIONAL REPLACEMENT” 

Similar device. Consult datasheet to 
determine the suitability for specific 
application. 

Note (3) 

. “SIMILAR DEVICE” with superior 
performance. Consult datasheet to 
determine suitability of the replace- 
ment for specific application. 


ANALOG 



AD673 

ADC0841 

(2) 

ADDAC-08 

DAC0802 


DEVICES 

NATIONAL 


AD741 

LM741 

ADDAC80 

D AC 1280 + 

(D 

AD0042 

LH0042 

(2) 

AD7502 

LF13509 

(2) 

ADDAC85 

DAC2180 + 

(D 

ADI 01 A 

LM101A 

(D 

AD7516 

CD4066B 

(2) 

ADLH0032 

LH0032 

(2) 

AD201A 

LM210A 

(D 

AD7523 

DAC0830 

(2) 

ADLH0033 

LH0033 

(2) 

AD301A 

LM301A 

(D 

AD7523 

DAC0831 

(2) 

ADOP07 

LM607 

(D 

AD3542 

LH0042 

(2) 

AD7523 

DAC0832 

(2) 




AD5035 

LH0042 

(2) 

AD7524 

DAC0830 

(2) 

APEX 

NATIONAL 


AD506 

LH0022 

(2) 

AD7524 

DAC0831 

(2) 

PA01 

LH0101 

(2) 

AD509 

LH0003 

(2) 

AD7524 

DAC0832 

(2) 

PA01 

LM12 

(2) 

AD521 

LH0036 

(2) 

AD7533 

D AC 1020 


PA07 

LM12 

(2) 

AD521 

LM363 

(2) 

AD7533 

DAC1021 


PA010 

LH0101 

(2) 

AD524 

LH0038 

(2) 

AD7533 

DAC1022 


PA010 

LM12 

(2) 

AD537 

LM331 

(2) 

AD7541 

DAC1218 

(D 

PA011 

LM12 

(2) 

AD562 

DAC1266 

(3) 

AD7541 

DAC1219 

(D 

PA51 

LM12 

(2) 

AD563 

DAC1265 

(3) 

AD7541A 

DAC1218 

(2) 

PA73 

LM12 

(2) 

AD565A 

D AC 1265 


AD7541A 

DAC1219 

(2) 




AD566A 

DAC1266 


AD7542 

DAC1208 

(2) 

BURR-BROWN 

NATIONAL 


AD567 

DAC1230 

(2) 

AD7542 

DAC1209 

(2) 

3507 

LM6361 

(2) 

AD573 

ADC1005 

(2) 

AD7542 

DAC1210 

(2) 

3533 

LH0033 

(2) 

AD581 

LH0070 

(D 

AD7545 

DAC1208 

(2) 

3542 

LH0042 

(2) 

AD581 

LM581 


AD7545 

DAC1209 

(2) 

3550 

LM6361 

(2) 

AD582 

LF398 

(2) 

AD7545 

DAC1210 

(2) 

3551 

LM6361 

(2) 

AD583 

LF198 

(3) 

AD7548 

DAC1230 

(2) 

3553 

LH0063 

(2) 

AD588 

LM369 

(2) 

AD7548 

DAC1231 

(2) 

3554 

LH0032 

(2) 

AD589M 

LM385 

(D 

AD7548 

DAC1232 

(2) 

3571 

LM675 

(2) 

AD589U 

LM185 

(D 

AD7552 

ADC1220 

(2) 

3572 

LH0021 

(2) 

AD590 

LM134 

(2) 

AD7552 

ADC1225 

(2) 

3573 

LM675 

(2) 

AD590 

LM135 

(2) 

AD7571 

ADC1005 

(2) 

3626 

LH0036 

(2) 

AD590 

LM34 

(3) 

AD7571 

ADC1025 

(2) 

3629 

LH0038 

(2) 

AD590 

LM35 

(3) 

AD7575 

ADC0820 

(2) 

3606A6 

LH0084 

(2) 

AD611J 

LF411C 

(D 

AD7576 

ADC0820 

(2) 

3606A6 

LH0086 

(2) 

AD611K 

LF411AC 

(D 

AD7578 

ADC1205 

(2) 

HOS-100 

LH0033 

(2) 

AD614 

LH0086 

(2) 

AD7578 

ADC1225 

(2) 

INA102 

LH0038 

(2) 

AD624 

LH0038 

(2) 

AD7820 

ADC0820 


SHC298A 

LF398A 

(D 

AD650 

LM331 

(2) 

ADDAC-08 

DAC0800 


SHC80 

LF398 

(2) 

AD651 

LM331 

(2) 

ADDAC-08 

DAC0801 


SHC85 

LF398 

(2) 

AD654 

LM331 

(2) 
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CTS 

NATIONAL 


CA081A 

LF411C 

(2) 

HA5033 

LH0033 

(1) 

CTS0002 

LH002 


CA081B 

LF411C 

(2) 

HA5162 

LH0062 

(2) 

CTS0004 

LH0004 


CA081C 

TL081C 

(2) 

HA5180 

LH0052 

(1) 

CTS0021 

LH0021 


CA082 

LF412M 

(2) 

HF-10 

MF10 


CTS0024 

LH0024 


CA082A 

LF412C 

(2) 

HI-201 

LF13201 


CTS0032 

LH0032 


CA082B 

LF412C 

(2) 

HI-300 

AH5020 

(2) 

CTS0033 

LH0033 


CA082C 

TL082C 

(2) 

ICH8530 

LH0101 

(2) 

CTS0041 

LH0041 


CA084 

LF147 

(2) 

ICL7114 

ADC1205 

(2) 

CTS0042 

LH0042 


CA084B 

LF347B 

(2) 

ICL7114 

ADC1225 

(2) 

CTS2101 A 

LH2101A 


CA084C 

LF347 

(2) 

ICL7660 

LMC7660 

(D 

CTS2111 

LH2111 


CA124 

LM124 

(D 

ICL8069 

LM313 





CA139 

LM139 

(D 

ICL8069 

LM385-1.2 


ELANTEC 

NATIONAL 


CA139A 

LM139A 

(D 

IH5009 

AH5009 


EHA2500 

LM6161 

(2) 

CA1458 

LM1458 

(D 

IH5010 

AH5010 


EHA2502 

LM6161 

(2) 

CA1558 

LM1558 

(D 

IH5011 

AH5011 


EHA2505 

LM6361 

(2) 

CA158 

LM158 

(D 

IH5012 

AH5012 


EHA2510 

LM6161 

(2) 

CA158A 

LM158A 

(D 

IH6108 

LF13508 


EHA2512 

LM6161 

(2) 

CA224 

LM224 

(D 

IH6208 

LF13509 


EHA2515 

LM6361 

(2) 

CA239 

LM239 

(D 

LM741 

LM741 


EHA2520 

LM6164 

(2) 

CA239A 

LM239A 

(D 

jlaA748 

LM748 


EHA2522 

LM6164 

(2) 

CA258 

LM258 

(D 




EHA2525 

LM6364 

(2) 

CA258A 

LM258A 

(1) 

HEWLETT- 



EHA2600 

LM6161 

(2) 

CA301A 

LM301A 

(D 

PACKARD 

NATIONAL 


EHA2602 

LM6161 

(2) 

CA307 

LM307 

(D 

HCTL-100 

LM628 

(3) 

EHA2605 

LM6361 

(2) 

CA3105 

LM675 

(2) 




EHA2620 

LM6164 

(2) 

CA311 

LM311 

(D 

HITACHI 

NATIONAL 


EHA2622 

LM6164 

(2) 

CA324 

LM324 

(D 

HA13421A 

LM18293 

(3) 

EHA2625 

LM6364 

(2) 

CA3290 

LM393 

(2) 

HA17082 

LF353 

(D 

EL2006 

LM6161 

(2) 

CA339 

LM339 

(D 

HA17082A 

LF412 

(1) 

EL2006C 

LM6261 

(2) 

CA339A 

LM339A 

(D 

HA17084 

LF347 

(1) 

ELH0002 

LH0002 

(D 

CA3401 

LM3401 

(D 

HA17084A 

LF347B 

(1) 

ELH0021 

LH0021 

(D 

CA358 

LM358 

(1) 

HA17094 

LM2904 

(D 

ELH0032 

LH0032 

(1) 

CA358A 

LM358A 

(D 

HA17301 

LM3301 

(1) 

ELH0033 

LH0033 

(D 

CA741 

LM741 

(D 

HA17324 

LM324 

(D 

ELH0041 

LH0041 

(D 

CA747 

LM747 

(D 

HA17339 

LM339 

(1) 

ELH0101 

LH0101 

(D 

CA748 

LM748 

(D 

HA17358 

LM358 

(D 




DG201 

LF11201 


HA17393 

LM393 

(1) 

EXAR 

NATIONAL 


DG211 

LF13201 


HA17458 

LM1458 

(D 

XR-1001 

MF4C-100 

(D 

DG212 

LF13202 


HA17741 

LM741 

(1) 

XR-1002 

MF4C-50 

(D 

HA-OP07 

LM607 

(D 

HA17747 

LM747 

(D 

XR084 

LF347 

(D 

HA2400 

LM604AM 

(2) 

HA17901 

LM2901 

(D 

Xft084iVl 

LF147 

(1) 

HA2404 

LM604AM 

(2) 

HA17902 

LM2902 

(D 

XR1458 

LM1458 

(D 

HA2405 

LM604C 

(2) 

HA17903 

LM2903 

(D 

XR146 

LF146 

(D 

HA2406 

LM604C 

(2) 




XR246 

LF246 

(1) 

HA2500 

LM6161 

(2) 

LINEAR 



XR346 

LF346 

(D 

HA2502 

LM6161 

(2) 

TECHNOLOGY 

NATIONAL 





HA2505 

LM6361 

(2) 

AD581 

LH0070 


HARRIS (Incl. 



HA2510 

LM6161 

(2) 

AD581 

LM581 


GE/RCA/ 



HA2512 

LM6161 

(2) 

LM1009M 

LM1 36-2.5 


INTERSIL) 

NATIONAL 


HA2515 

LM6361 

(2) 

LM129 

LM129 


AD7520 

DAC1021 


HA2520 

LH0003 

(D 

LM134 

LM134 


AD7520 

DAC1022 


HA2520 

LM6164 

(2) 

LM185 

LM185 


AD7521 

DAC1220 


HA2522 

LH0003 

(1) 

LM199 

LM199 


AD7521 

DAC1221 


HA2522 

LM6164 

(2) 

LM234 

LM234 


AD7521 

DAC1222 


HA2525 

LH0003 

(D 

LM329 

LM329 


AD7530 

DAC1020 

(3) 

HA2525 

LH6364 

(2) 

LM334 

LM334 


AD7530 

DAC1021 

(3) 

HA2530 

LH0024 

(2) 

LM385 

LM385 


AD7530 

DAC1022 

(3) 

HA2535 

LH0024 

(2) 

LM399 

LM399 


AD7531 

DAC1220 


HA2540 

LH0032 

(2) 

LT1001 

LM607A 

(1) 

AD7531 

DAC1221 


HA2541-2 

LM6161 

(2) 

LT1004C 

LM385 


AD7531 

D AC 1222 


HA2541-5 

LM6361 

(2) 

LT1004M 

LM185 


AD7533 

D AC 1020 


HA2542 

LH0032 

(2) 

LT1009C 

LM336-2.5 


AD7533 

DAC1021 


HA2542-2 

LM6164 

(2) 

LT1019C 

LM368 

(2) 

AD7533 

DAC1022 


HA2542-5 

LM6164 

(2) 

LT1019M 

LM168 

(2) 

AD7541 

DAC1218 


HA2600 

LM6161 

(2) 

LT 1 020 

LP2951 

(3) 

AD7541 

DAC1219 


HA2602 

LM6161 

(2) 

LT1021C 

LM369 

(D 

ADC0801 

ADC0801 


HA2605 

LM6361 

(2) 

LT1021M 

LM169 

(D 

ADC0802 

ADC0802 


HA2620 

LM6164 

(2) 

LT1029C 

LM336-5.0 


ADC0803 

ADC0803 


HA2622 

LM6164 

(2) 

LT1029M 

LM1 36-5.0 


ADC0804 

ADC0804 


HA2625 

LM6364 

(2) 

LT1031 

LH0070 


CA081 

LF411M 

(2) 

HA2640 

LH0004 

(D 

LT117A 

LM117A 
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Cross Reference by Part Number 


LT 1 23 A 

LM123A 


LT138A 

LM138A 


LT150A 

LM150A 


LT317A 

LM317A 


LT323A 

LM323A 


LT338A 

LM338A 


LT350A 

LM350A 


REF-01 

LM168 

(D 

REF-01 

LM368 

(D 

SGI 524 

LM1524D 

(1) 

SG1525A 

LM1525A 

(2) 

SG1527A 

LM1527A 

(2) 

SG3524 

LM3524D 

(D 

SG3525A 

LM3525A 

(2) 

SG3527A 

LM3527A 

(2) 

LSI 

COMPUTER 

NATIONAL 


LS7261 

LM621 

(3) 

LS7263 

LM621 

(3) 

MICRA 

NATIONAL 


MC0002 

LH0002 


MC0003 

LH0003 


MC0004 

LH0004 


MC0032 

LH0032 


MC0033 

LH0033 


MC0041 

LH0041 


MC0063 

LH0063 


MICRO POWER 

NATIONAL 


MP108 

LM108 


MP108A 

LM108A 


MP155 

LF155 


MP155A 

LF155A 


MP156 

LF156 


MP156A 

LF156A 


MP157 

LF157 


MP157A 

LF157A 


MP208 

LM208 


MP208A 

LM208A 


MP2108A 

LH2108A 


MP308 

LM308 


MP308A 

LM308A 


MP355A 

LF355A 


MP356A 

LF356A 


MP357A 

LF357A 


MP5010G 

LM185 


MP5010G 

LM385 


MP5010H 

LM185 


MP5010H 

LM385 


MP5010L 

LM185 


MP5010L 

LM385 


MPOP07 

LM607 

(D 

MOTOROLA 

NATIONAL 


AD562A 

DAC1266 

(2) 

AD563A 

DAC1265 

(2) 

DAC-08 

DAC0800 

DAC-08 

DAC0801 


DAC-08 

DAC0802 


LM109H 

LM109H 


LM109K 

LM109K STEEL 


LM117K 

LM117K STEEL 


LM123K 

LM123K STEEL 


LM137K 

LM137K STEEL 


LM150K 

LM150K STEEL 


LM2931 

LM2931 


LM309K 

LM309K STEEL 


LM317K 

LM317K STEEL 



LM323K 

LM323K STEEL 


LM337K 

LM337K STEEL 


LM350K 

LM350K STEEL 


MCI 408 

DAC0806 


MCI 408 

DAC0807 


MCI 408 

DAC0808 


MC1414 

LM1414 


LM1436 

LM343 

(D 

MCI 4442 

ADC0829 

(2) 

MCI 4444 

ADC0830 

(2) 

MCI 45040 

ADC0811 

(2) 

MC145041 

ADC0811 

MCI 458 

LM1458 


MCI 496 

LM1496 


MCI 508 

DAC0808 


MC1514 

LM1514 


MCI 536 

LM143 

(D 

MCI 558 

LM1558 

MCI 596 

LM1596 


MCI 709 

LM709 


MC1710 

LM710 


MCI 723 

LM723 


MC1723C 

LM723C 


MCI 741 

LM741 


MCI 747 

LM747 


MCI 748 

LM748 


MC3301 

LM3301 


MC3302 

LM3302 


MC3361 

LM3361A 

(D 

MC34001 

LF351 

(1) 

MC34001 A 

LF411C 

(D 

MC34001B 

LF411C 

(D 

MC34002 

LF353 

(D 

MC34002A 

LF412A 

(D 

MC34002B 

LF412C 

(D 

MC34004 

LF147 

(D 

MC34004 

LF347 

(D 

MC34004B 

LF147 

(1) 

MC34004B 

LF347B 

(D 

MC3401 

LM3401 

(D 

MC3410 

DAC1020 

MC3412 

DAC1265 

(2) 

MC35001 

LF411M 

(D 

MC35001A 

LF411M 

(D 

MC35001 B 

LF411M 

(D 

MC35002 

LF412M 

(D 

MC35002A 

LF412AM 

(D 

MC35002B 

LF412M 

(D 

MC3510 

DAC1020 

(2) 

MC4741 

LM348 


MC78LXXACG 

LM78LXXACH 


MC78LXXACP 

LM78LXXACZ 


MC78LXXCG 

LM78LXXCH 


MC78LXXCP 

LM78LXXSACZ 


MC78MXXCT 

LM341P-XX 


MC78MXXCT 

LM342P-XX 


MC78MXXCT 

LM78MXXCT 


MC78XXACT 

LM340AT-XX 


MC78XXCK 

LM78XXCK 


MC78XXCT 

LM78XXCT 


MC79LXXACG 

LM320H-XX 


MC79LXXACP 

LM320LZ-XX 


MC79LXXCP 

LM79LXXCZ 


MC79LXXCP 

LM79LXXCZ 


MC79MXXAKC 

LM320MP-XX 


MC79XXACT 

LM320T-XX 


MC79XXAKC 

LM320K-XX 


MC79XXCK 

LM320K-XX 


MC79XXCK 

LM79XXCK 


MC79XXCT 

LM79XXCT 



PRECISION 

MONOLITHIC 

INC. 

NATIONAL 


ADC-910 

ADC1005 

(2) 

ADC-910 

ADC1025 

(2) 

AMP-01 

LH0038 

(2) 

BUF-03 

LH0033 

(D 

DAC-02 

D AC 1020 

(2) 

DAC-02 

DAC1021 

(2) 

DAC-02 

DAC1022 

(2) 

DAC-03 

DAC1020 

(2) 

DAC-03 

DAC1021 

(2) 

DAC-03 

DAC1022 

(2) 

DAC-05 

DAC1020 

(2) 

DAC-05 

DAC1021 

(2) 

DAC-05 

DAC1022 

(2) 

DAC-08 

DAC0800 

DAC-08 

DAC0801 


DAC-08 

DAC0802 


DAC-100 

DAC1020 

(2) 

DAC-100 

DAC1021 

(2) 

DAC-100 

DAC1022 

(2) 

D AC- 1408 

DAC0806 

(2) 

DAC-1408 

DAC0807 

(2) 

DAC-1408 

DAC0808 

(2) 

D AC-3 12 

DAC1266 

D AC-80 12 

DAC1208 

(2) 

D AC-80 12 

DAC1209 

D AC-80 12 

DAC1210 


DAC-888 

DAC-0830 

(2) 

DAC-888 

DAC0831 

(2) 

DAC-888 

DAC0832 

(2) 

MUX-08E 

LF13508 

MUX-24E 

LF13509 


OP-05 

LM607 

(2) 

OP-07 

LM607 

(D 

OP-15 

LF411 

(1) 

OP-215 

LF412 

(D 

OP-77 

LM607 

(D 

PM-108 

LM108 


PM-108A 

LM108A 


PM-139 

LM139 


PM-139A 

LM139A 


PM-155 

LF155 


PM-155A 

LF155A 


PM-156 

LF156 


PM-156A 

LF156A 


PM-157 

LF157 


PM-157A 

LF157A 


PM-208 

LM208 


PM-208A 

LM208A 


PM-2108A 

LH2108A 


PM-308 

LM308 


PM-308A 

LM308A 


PM-339A 

LM339A 


PM-355 

LF355 


PM-355A 

LF355A 


PM-356 

LF356 


PM-357 

LF357 


PM-357A 

LF357A 


PM-725 

LM725 


PM-741 

LM741 


PM-747 

LM747 


PM-7533 

DAC1020 


PM-7533 

DAC1021 


PM-7533 

DAC1022 


PM-7541 

DAC1218 


PM-7541 

DAC1219 


PM356A 

LF356A 


PM420 

LM124 

(D 


XXX 




REF-01 CJ 

LM368-1.0 

(1) 

LM2935 

LM2935 


MC1496N 

LM1496N 


REF-02 

LM368-5.0 

(3) 

LM305H 

LM305H 

(D 

MCI 508 

DAC0808 


REF-43 

LM368-2.5 

(D 

LM309H 

LM309H 

0) 

MC1596K 

LM1596H 


REF-01 

LM369 

(D 

LM309K 

LM309K STEEL (1) 

NE4558 

LM833 

(2) 

SW-06B 

LF11333 


LM317H 

LM317H 

(D 

NE4558D 

LM833CM 

(2) 

SW-06F 

LF13333 


LM317K 

LM317K 

(D 

NE4558N 

LM833CN 

(2) 

SW-06G 

LF13333 


LM317K 

LM317K STEEL (1) 

NE5034 

ADC0841 

(2) 

SW-201B 

LF11201 


LM317T 

LM317T 

(D 

NE5118 

DAC0830 

(2) 

SW-201F 

LF13201 


LM323K 

LM323K STEEL (1) 

NE529 

LM361 

(D 

SW-201G 

LF13201 


LM334 

LM334 


NE532 

LM358 

(D 

SW-202B 

LF11202 


LM335 

LM335 


NE5410 

D AC 1020 

(2) 

SW-202F 

LF13202 


LM335A 

LM335A 


NE5532 

LM833 


SW-202G 

LF13202 


LM337H 

LM337H 

(D 

NE5532N 

LM833CN 

(2) 




LM337K 

LM337K STEEL (1) 

NE5532P 

LM833CN 

(2) 

RAYTHEON 

NATIONAL 


LM338K 

LM338K STEEL 

(D 

NE555N 

LM555CN 


LP365 

LP365 


LM748 

LM748 


SA532 

LM2904 

(D 

RC1458 

LM1458 


LM7805MK 

LM140K-5.0 

(D 

SA534 

LM2902 

(D 

RC1558 

LM1558 


SGI 524 

LM1524D 

(D 

SE5118 

DAC0830 

(2) 

RC714 

LM607 

(D 

SGI 525 A 

LM1525A 

(D 

SE529 

LM161 

(D 

RC741 

LM741 


SG1527A 

LM1527A 

(D 

SE532 

LM158 

(D 

RC747 

LM747 


SG2524 

LM2524D 

(1) 

SE5410 

DAC1020 

(2) 

REF-01 

LM369 

(D 

SG3524 

LM3524D 

(D 

SE567 

LM567 

(2) 

REF-01 T 

LM368 

(1) 

SG3525A 

LM3525A 

(D 

juA723CF 

LM723CJ 

(D 

REF-02 

LM368-5.0 

(3) 

SG3527A 

LM3527A 

(D 

/xA723CL 

LM723CH 

(D 

REF-03 

LM368-5.0 

(D 

TBC0136 

LM336 


juA723CN 

LM723CN 

(D 




TCA3089 

LM3089 


juA723F 

LM723J 

(1) 

SAMSUNG 

NATIONAL 


TDA2310 

LM381 


juA723L 

LM723H 

(D 

KA3524 

LM3524D 


julA741 

LM741 


juA741 

LM741 


KA431 

LM431 


juA748 

LM748 


juA747 

LM747 


KA78S40 

LM78S40 


|uA7805CK 

LM7805KC 

(1) 




LM741 

LM741 


jaA7812CK 

LM7812KC 

(D 

SILICON 



MC78LXX 

LM78LXX 


juA7812MK 

LM140K-12 

(D 

GENERAL 

NATIONAL 


MC78MXX 

LM78MXX 


ju,A7815CK 

LM7815KC 

(D 

SG101 

LM101A 


MC78XX 

LM78XX 


jaA7815MK 

LM140K-15 

(D 

SG101A 

LM101A 


MC79MXX 

LM79MXX 


/xA7905CK 

LM7905KC 

(1) 

SGI 04 

LM104 


MC79XX 

LM79XX 


julA7905MK 

LM120K-5.0 

(D 

SGI 05 

LM105 





ix A7912CK 

LM7912KC 

(D 

SGI 07 

LM107 


SGS- 



/xA7912MK 

LM120K-12 

(D 

SG109 

LM109 


THOMSON 

NATIONAL 


/xA7915CK 

LM7915KC 

(D 

SG1 17 

LM117 


L123CB 

LM723CN 

(D 

jaA7915MK 

LM120K-15 

(D 

SG1 173 

LM675 

(2) 

L293 

LM 18293 





SG117A 

LM117A 


L4940 

LM2940T-5.0 

(2) 

SIEMENS 

NATIONAL 


SG117MV 

LM117HV 


L4941 

LM2940T-5.0 

(2) 

TCA365 

LH0101 

(D 

SG120-XX 

LM120-XX 


L4960 

LM2579 

(2) 




SGI 23 

LM123 


L4962 

LM2579 

(2) 

SIGNETICS 

NATIONAL 


SGI 23 A 

LM123A 


L78MXXCV 

LM341P-XX 

(2) 

78LXXACS 

LM78LXXACZ 

(1) 

SGI 24 

LM124 


L78S05CV 

LM323K-5.0 

(D 

78LXXADB 

LM78XXACH 

(D 

SGI 37 

LM137 


L78XXACV 

LM340AT-XX 


78LXXCDB 

LM78LXXCH 

(D 

SGI 38 

LM138 


L78XXCT 

LM78XXCK 


78LXXCS 

LM78LXXACZ 

(D 

SG138A 

LM138A 


L78XXCV 

LM78XXCT 


78XXCU 

LM78XXCT 

(D 

SG140-XX 

LM140-XX 


L790XXACV 

LM320T-XX 


78XXDA 

LM78XXCK 

(D 

SGI 436 

LM343 

(D 

L79XXCT 

LM79XXCK 


79XXCU 

LM79XXCT 

(D 

SGI 50 

LM150 


L79XXCV 

LM79XXCT 


79XXDA 

LM79XXCK 

(D 

SG150A 

LM150A 


LF198 

LF198A 

(1) 

ADC0801 

ADC0801 


SGI 524 

LM1524D 

(D 

LF298 

LF298 


ADC0802 

ADC0802 


SG1524B 

LM1524D 


LF398 

LF398A 

(1) 

ADC0803 

ADC0803 


SG1525A 

LM1525A 

(D 

LM105H 

LM105H 

(1) 

ADC0804 

ADC0804 


SG1527A 

LM1527A 

(D 

LM109K 

LM109K STEEL (1) 

ADC0805 

ADC0805 


SGI 536 

LM143 

(D 

LM117H 

LM117H 

(D 

DAC-08 

DAC0800 


SG201 

LM201A 


LM117K 

LF117K 

(D 

DAC-08 

DAC0801 


SG201A 

LM201A 


LM117K 

LF117K STEEL 

(D 

DAC-08 

DAC0802 


SG204 

LM204 


LM123K 

LF123K STEEL 

(D 

LF198 

LF198 


SG205 

LM205 


LM134 

LM134 


LF298 

LF298 


SG207 

LM207 


LM135 

LM135 


LF398 

LF398 


SG224 

LM224 


LM137H 

LM137H 

(D 

LM109DB 

LM109H 

(D 

SG2524 

LM2524D 

(D 

LM137K 

LM137K STEEL (1) 

LM309DA 

LM309K 

(D 

SG2524B 

LM2524D 


LM138K 

LM138K STEEL (1) 

LM309DB 

LM309H 

(D 

SG301A 

LM301A 


LM234 

LM234 


LM340XXDA 

LM340KXX 


SG304 

LM304 


LM235 

LM235 


LM340XXLL 

LM340T-XX 


SG305 

LM305 


LM2930A 

LM2930T-5.0 

(D 

MCI 408 

DAC0806 


SG307 

LM307 


LM2931A 

LM2931 AT-5.0 


MCI 408 

DAC0807 


SG309 

LM309 





MCI 408 

DAC0808 


SG317 

LM317 



XXXI 


Cross Reference by Part Number 



Cross Reference by Part Number 


SG3173 

LM675 

(2) 

ADC0834 

ADC0834 


TL064A 

LF444A 

(1) 

SG317A 

LM317A 


ADC0838 

ADC0838 


juA709 

LM709 


SG317MV 

LM317HV 


LM317KC 

LM317T 

(D 

jaA723CJ 

LM723CJ 


SG320-XX 

LM320-XX 


RC4558 

LM833 


jliA723CN 

LM723CN 


SG323 

LM323 


RC4588D 

LM833CM 


jutA723MJ 

LM723J 


SG323A 

LM323A 


RV4558D 

LM833CM 


jnA733CN 

LM733CN 


SG324 

LM324 


TL071 

LF351 

(D 

juA741 

LM741 


SG337 

LM337 


TL071A 

LF411 

(D 

ju,A747 

LM747 


SG338 

LM338 


TL071B 

LF411 

(D 

jaA78LXXACL 

LM78LXXACZ 


SG338A 

LM338A 


TL072 

LF353 

(D 

jliA78MXXCKD 

LM78MXXCP 


SG340-XX 

LM340-XX 


TL072A 

LF412 

(D 

ju,A78XXCKC 

LM78XXCT 


SG350 

LM350 


TL072B 

LF412 

(D 

|nA79MXXCKD 

LM79MXXCP 


SG350A 

LM350A 


TL074 

LF347 

(D 

juiA79XXCKC 

LM79XXCT 


SG3524 

LM3524D 

(D 

TL074A 

LF347B 

(D 




SG3524B 

LM3524D 


TL081 

TL081 

(D 

TOSHIBA 

NATIONAL 


SG3525A 

LM3525A 

(D 

TL081A 

LF411 

(D 

TA7504 

LM741 


SG3527A 

LM3527A 

(D 

TL081B 

LF411 

(D 

TA75339 

LM2901 

(D 

SG723 

LM723 


TL082 

TL082 

(D 

TA75358 

LM2904 

(1) 

SG723C 

LM723C 


TL082A 

LF412 

(D 

TA75393 

LM2903 

(1) 

SG741 

LM741 


TL082B 

LF412 

(1) 

TA75902 

LM2902 

(1) 

SG78XX 

LM140-XX 


TL084 

LF347 

(1) 




SG78XXA 

LM140A-XX 

(2) 

TL084A 

LF347B 

(D 

UNITRODE 

NATIONAL 


SG78XXAC 

LM340A-XX 

(2) 

TL087 

LF411A 

(D 

L293 

LM 18293 


SG78XXC 

LM78XXC 


TL088 

LF411A 

(D 

UC117 

LM117 


SG79XX 

LM120-XX 


TL288 

LF412A 

(D 

UC137 

LM137 


SG79XXA 

LM120-XX 

(2) 

TL487N 

LM3915N 

(2) 

UC150 

LM150 


SG79XXAC 

LM320-XX 

(2) 

TL489N 

LM3914N 

(2) 

UC1524 

LM1524D 

(D 

SG79XXC 

LM79XXC 


TL490N 

LM3914N 

(2) 

UC1524A 

LM1524D 

(2) 




TL491N 

LM3914N 

(2) 

UC1525A 

LM1525A 


SILICONIX 

NATIONAL 


TL520 

ADC0848 

(2) 

UC1527A 

LM1527A 


DG201 

LF13201 


TL521 

ADC0848 

(2) 

UC2524 

LM2524D 

(D 

DG202 

LF13202 


TL522 

ADC0848 

(2) 

UC2524A 

LM2524D 

(2) 

DG211 

LF13201 


TL530 

ADC0830B 


UC317 

LM317 


DG212 

LF13202 


TL531 

ADC0830C 


UC337 

LM337 


DG508 

LF13508 


TL532 

ADC0829B 


UC350 

LM350 


DG509 

LF13509 


TLC532A 

ADC0829B 

(2) 

UC3524 

LM3524D 

(1) 




TL533 

ADC0829C 


UC3524A 

LM3524D 

(2) 

SPRAGUE 

NATIONAL 


TLC533A 

ADC0829C 

(2) 

UC3525A 

LM3525A 


SG3525A 

LM3525A 


TLC274AC 

LMC660AI 

(2) 

UC3527A 

LM3527A 


SG3527A 

LM3527A 


TLC274AI 

LMC660AI 

(2) 

UC494 

LM494 

(2) 

UDN2993B 

LM18293 

(3) 

TLC274AM 

LMC660AM 

(2) 

UC78XXACK 

LM340AK-XX 

(2) 




TLC274BC 

LMC660AI 

(2) 

UC78XXAK 

LM140AK-XX 

(2) 

TELEDYNE 

NATIONAL 


TLC274BI 

LMC660AI 

(2) 

UC78XXCK 

LM340K-XX 


TP0032 

LH0032 


TLC274BM 

LMC660AM 

(2) 

UC78XXCK 

LM78XXCK 


TP0033 

LH0033 


TLC274C 

LMC660C 

(2) 

UC78XXK 

LM140K-XX 





TLC2741 

LMC660AI 

(2) 

UC79XXACK 

LM320K-XX 

(2) 

TEXAS 



TLC274M 

LMC660AM 

(2) 

UC79XXAK 

LM120K-XX 

(2) 

INSTRUMENTS 

NATIONAL 


TLC540 

ADC0811 

(2) 

UC79XXCK 

LM79XXCK 


ADC0801 

ADC0801 


TLC541 

ADC0811 


UC79XXK 

LM120K-XX 

(1) 

ADC0802 

ADC0802 


TLC549 

ADC0831 

(2) 




ADC0803 

ADC0803 


TL061 

LF441 

(D 




ADC0804 

ADC0804 


TL061A 

LF441 

(D 




ADC0805 

ADC0805 


TL061B 

LF441A 

(1) 




ADC0808 

ADC0808 


TL062 

LF442 

(D 




ADC0809 

ADC0809 


TL062A 

LF442A 

0) 




ADC0831 

ADC0831 


TL062B 

LF442 

(D 




ADC0832 

ADC0832 


TL064 

LF444 

(D 
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National 

Semiconductor 


Voltage Regulators 
Definition of Terms 


Current-Limit Sense Voltage: The voltage across the cur- 
rent limit terminals required to cause the regulator to cur- 
rent-limit with a short circuited output. This voltage is used 
to determine the value of the external current-limit resistor 
when external booster transistors are used. 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tions in input voltage. 

Feedback Sense Voltage: The voltage, referred to ground, 
on the feedback terminal of the regulator while it is operat- 
ing in regulation. 

Input Voltage Range: The range of dc input voltages over 
which the regulator will operate within specifications. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions at 1 25°C with maximum rated volt- 
ages and power dissipation for 1 000 hours. 

Maximum Power Dissipation: The maximum total device 
dissipation for which the regulator will operate within specifi- 
cations. 


Output-Input Voltage Differential: The voltage difference 
between the unregulated input voltage and the regulated 
output voltage for which the regulator will operate within 
specifications. 

Output Noise Voltage: The RMS ac voltage at the output 
with constant load and no inut ripple, measured over a 
specified frequency range. 

Output Voltage Range: The range of regulated output volt- 
ages over which the specifications apply. 

Output Voltage Scale Factor: The output voltage obtained 
for a unit value of resistance between the adjustment termi- 
nal and ground. 

Quiescent Current: That par of input current to the regula- 
tor that is not delivered to the load. 

Ripply Rejection: The line regulation for ac inupt signals at 
or above a given frequency with a specified value of bypass 
capacitor on the reference bypass terminal. 

Standby Current Drain: That part of the operating current 
of the regulator which does not contribute to the load cur- 
rent. (See Quiescent Current) 

Temperature Stability: The percentage change in output 
voltage for a thermal variation from room temperature to 
either temperature extreme. 

Thermal Regulation: Percentage change in output voltage 
for a given change in power dissipation over a specified time 
period. 
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Voltage Regulators 


Adjustable Positive Voltage Regulators 


Amps 

Device 

Output Voltage 

Package 

10.0 

LM196K 

1.25V- 15V 

TO-3 


LM396K 

1.25 V- 15V 

TO-3 

5.0 

TLM138K 

1.2V-32V 

TO-3 


LM338K, T 

1.2V-32V 

TO-3, TO-220 

3.0 

tLM150K 

1.2V-33V 

TO-3 


LM350K, T, AT 

1.2V-33V 

TO-3, TO-220 

1.5 

tLM117K 

1.2V-37V 

TO-3 


tLM117HVK 

1.2V-57V 

TO-3 


LM317K, T, AK, AT 

1.2V-37V 

TO-3, TO-220 


LM317HVK 

1.2V-57V 

TO-3 

1.0 

LM2941T.CT 

5V-20V 

TO-220 


LM78GCT* 

5V-30V 

TO-220 (4 Pin) 

0.5 

tLM117H 

1.2V-37V 

TO-39 


tLM117HVH 

1.2V-57V 

TO-39 


LM317H 

1.2V-57V 

TO-39 


LM317HVH 

1.2V-37V 

TO-39 


LM317MP 

1.2V-37V 

TO-202 


LM78MGCT* 

5V-30V 

TO-220 (4-Pin) 

0.2 

tLH0075G, CG 

0-27V 

TO-8 

0.1 

LM317LZ, M 

1.2V-37V 

TO-92, SO-8 


LM2931CT 

3.0V-24V 

TO-220, 5-LEAD 


f LP2951CN, J, H, M 

1.24V-29V 

DIP, CERDIP, HEADER, SO-8 


’These products were formerly manufactured by Fairchild Semiconductor Corporation. The prefixes have been changed from jaA to LM and may be found with the 
former prefix as well as the latter. 

tMilitary qualified device. More more information, consult the Military/ Aerospace Selection Guide. 
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Voltage Regulators (continued) 

Adjustable Negative Voltage Regulators 

Amps 

Device 

Output Voltage 

Package 

3.0 

LM133K 

— 1.2V - -32V 

TO-3 


LM333K, T 

-1.2V- -32V 

TO-3, TO-220 

1.5 

tLM137K 

-1.2V- -37V 

TO-3 


tLM137HVK 

-1.2V- -47 V 

TO-3 


LM337K, T 

-1.2V- -37V 

TO-3, TO-220 


LM337HVK 

-1.2V- -47V 

TO-3 

1.0 

LM79GCT* 

-2.2 V- -30 V 

TO-220 (4-Pin) 

0.5 

ILM137H 

-1.2V- -37 V 



tLM137HVH 

-1.2V- -47V 



LM337H 

-1.2V- -37V 



LM337HVH 

-1.2V- -47 V 



LM337MP 

-1.2V- -37V 

TO-202 


LM79MGCT* 

-2.2 V- -30V 

TO-224 (4 Pin) 

0.2 

f LH0076G, CG 

0-27V 

TO-8 

0.1 

LM337LZ, M 

-1.2V- -37V 

TO-92, SO-8 

Adjustable Positive/Negative Voltage Regulator 

Amps 

Device 

Output Voltage 

Package 

±0.1 

LH7001 

± 1.2V to ±37V 

DIP, TO-5 

Fixed Positive Voltage Regulators 

Amps 

Device 

Output Voltage 

Package 

3.0 

tLM123K 

5V 

TO-3 


LM323K, AK 

5V 

TO-3 

1.0 

1-LM109K 

5V 

TO-3 


tLM140AK 

5V, 12V, 15V 

TO-3 


ILM140K 

5V, 12V, 15V 

TO-3 


ILM2940T 

5V, 8V, 10V, 12V 

TO-220 


LM2940CT 

5V, 12V, 15V 

TO-220 


LM309K 

5V 

TO-3 


LM340AK, T 

5V, 12V, 15V 

TO-3, TO-220 


LM340K, T 

5V, 12V, 15V 

TO-3, TO-220 


LM78xxCK, T** 

5V,6V,8V, 12V, 15V, 18V, 24V 

TO-3, TO-220 

0.5 

LM2984CT 

5V, 12 V, 15V 

TO-220, TO-202 


LM341T, P 

5V, 12V, 15V 

TO-220, TO-202 


LM78MxxCT, H** 

5V, 6V, 8V, 12V, 15V, 24V 

TO-220, TO-39 

0.2 

tLM109H 

5V 

TO-39 


LM309H 

5V 

TO-39 


LM342P 

5V, 12V, 15V 

TO-202 

0.15 

LM2930T 

5V, 8V 

TO-220 

0.1 

tLM140LAH 

5V, 12V, 15V 

TO-39 


LM2931Z, T 

5V 

TO-92, TO-220 


LM340LZ, H 

5 V, 12V, 15V 

TO-92, TO-39 


LM78LxxACZ, H, M** 

5V, 6.2V, 8.2V, 9V, 12V, 15V 

TO-92, TO-39, SO-8 


LP2950CZ 

5V 

TO-92 

0.05 

LM2936Z 

5V 

TO-92 

The LM320 has better electrical characteristics than the LM79xx. 



LM1 00 Series + 55 # C to 4- 1 50 8 C 



LM300 Series 

0°Cto + 1 25°C 



i * These products were formerly manufactured by Fairchild Semiconductor Corporation. The prefixes have been changed from juA to LM and may be found with the 

former prefix as well as the latter. 



tMilitary qualified device. For more information, consult the Military/ Aerospace Selection Guide. 
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Voltage Regulators (continued) 

Fixed Negative Voltage Regulators 

Amps 

Device 

Output Voltage 

Package 

3.0 

tLM145K 

— 5V, -5.2V 

TO-3 


LM345K 

— 5V, -5.2V 

TO-3 

1.5 

ILM120K 

— 5V, -12V, -15V 

TO-3 


LM320K, T 

— 5V, -12V, -15V 

TO-3, TO-220 


LM79xxCT, K** 

— 5V, — 8V, -12V, -15V 

TO-220, TO-3 

0.5 

LM320MP 

— 5V, -12V, -15V 

TO-220 


LM79MxxCT, H** 

— 5V, — 8V, -12 V, -15V 

TO-220, TO-39 

0.2 

TLM120H 

— 5V, -12V, -15V 

TO-39 


LM320H 

-5V, -12V, -15V 

TO-39 

0.1 

LM320LZ 

— 5V, -12V, -15V 

TO-92 


LM79LxxACZ, M 

— 5V, -12V, -15V 

TO-92, SO-8 

Low Dropout Regulators 

Amps 

Device 

Output Voltage 

Package 

0.050 

LM2936Z 

5V 

TO-92 

0.100 

LM2931T, Z 

5V, ADJ 

TO-220, TO-92 


LP2950CZ 

5V 

TO-92 


LP2951N, J, H 

ADJ 

DIP, CERDIP, HEADER 

0.150 

LM2930T 

5V, 8V 

TO-220 

0.500 

LM2984CT 

TRIPLE 5V 4- WATCHDOG 

TO-220, 11 -LEAD 

0.750 

LM2925T 

5V WITH DELAYED RESET 

TO-220, 5-LEAD 


LM2935T 

DUAL 5V 

TO-220, 5-LEAD 

1.0 tLM2940T 

5V, 8V, 10V, 12V 

TO-220 


LM2940CT 

5V, 12 V, 15V 

TO-220 


LM2941T 

Adjustable (5V to 20V) 

TO-220 


LM2941CT 

Adjustable (5V to 20V) 

TO-220 

Shunt Regulators 

Amps 

Device 

Output Voltage 

Package 

0.15 

LM431ACZ, M 

2.5V-36V 

TO-92, SO-8 

Building Block Regulators 

Device 


Title 

Package 

tLMI 04/204/304 


Negative Regulator 

TO-39 

tLMI 05/205/305 


Voltage Regulator (Positive) 

TO-39 

LM376 


Voltage Regulator (Positive) 

8-Pin Plastic DIP 

tLM723 


Voltage Regulator 

14-Pin DIP, TO-39 

* These products were formerly manufactured by Fairchild Semiconductor Corporation. The prefixes have been changed from jaA to LM and may be found with the 

former prefix as well as the latter. 



tMilitary qualified device. For more information, consult the Military/ Aerospace Selection Guide. 
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National 

Semiconductor 


LH0075 Positive Precision Programmable Regulator 


General Description 

The LH0075 is a precision programmable regulator for posi- 
tive voltages. Regulated output voltages from 0 to 27 V may 
be obtained using one external resistor. Also available with- 
out any external components are several fixed regulated 
voltages with accuracies to 0.1% (5V, 6V, 10V, 12V and 
15V). The output current limit is adjustable from 0 to 200 mA 
using two external resistors. These features provide an in- 
ventory of precision regulated values in one package. 


Features 

■ Output adjustable to 0V 

■ Line regulation typically 0.008%/V 

■ Load regulation typically 0.075% 

■ Remote voltage sensing 

■ Ripple rejection of 80 dB 

■ Adjustable precision current limit 

■ Output currents to 200 mA 

■ Popular voltages available without external resistors 


Schematic Diagram 



Connection Diagram Typical Applications 

TO-8 Metal Can Package Precision 1 5V Reference Supply without Current Limit 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Operating Temperature Range 

please contact the National Semiconductor Sales LH0075 -55°Cto +125°C 

Office/Distributors for availability and specifications. LH0075C 0°C to 4- 70°C 

(Note 4) Storage Temperature - 65°C to + 1 50°C 

Input Voltage 32V Lead Temp. (Soldering, 10 seconds) 300-0 

Output Voltage 27V 

Output Current 200 mA 

Power Dissipation See Curve 

Electrical Characteristics Conditions for Tmin^Ta^Tmax un ' ess Otherwise noted 

Parameter 

Conditions 

LH0075 

LH0075C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line Regulation 

T a =25°C 


0.008 

0.02 


0.008 

0.04 

%/V 

Load Regulation 

T a =25 0 C, 









1 mA<li_oAD < 200 mA 









Vqut^5.0V 


2.5 

7.5 


2.5 

15 

mV 


Vout ^ 5.ov 


0.055 

0.15 


0.055 

0.3 

% 

Reference Current (Iref) 

T A = 25°C, V| N = 15V 

0.998 

1.000 

1.002 

0.995 

1.00 

1.005 

mA 

Load Regulation 

1 mA<l|_oAD < 200 mA 







mm 


Vqut^S.OV 



15 


4.0 

25 



Vout^5.ov 



0.3 


0.075 

0.5 

jyl 

Reference Current Drift 

V| N = 15V 


-0.0065 



-0.0065 



(AI REF /ATemp.) 









Minimum Load Current (Ilim) 

(Note 1) 

98 

100 



100 


jllA 

Output Voltage Range 


0 





mm 

V 

Minimum Input Voltage 


10 



10 



V 

Input-Output Differential 

T a =25°C > 



3.2 





Voltage 

1 m A < 1 load < 200 m A 







«■ 

Quiescent Supply Current 

V| N = 15V 


6.0 



6.5 

10 


Ripple Rejection 

V 0 UT = 5.0V, f = 1 20 Hz 


65 





dB 


Gref = 2.2 fiF 


80 





dB 

Output Voltage 

T a = 25°C (Note 2) 




wm 



% 

Tolerance 




■IK 





Output Voltage Change with 

(Note 3) 


0.003 

IH 





Temperature (AVoui/ATemp.) 








■ 

1 Note 1: Minimum load current is established by Ilim. the current from Q4 (see schematic). Ilim goes directly to the output if the current limit feature is used. 

Note 2: For V|n = 15V and Vout obtained by using R5, R6, R7, and R12 individually. 







Note 3: Total change over specified temperature range. 








Note 4: Refer to RETS075G drawing for military specifications on the LN0075. 
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Typical Performance Characteristics 

Referen 

Maximum Power Dissipation Tempers 


■ 


i 

i 

i 

■hi 

L| 

H 


Hi 
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JPH 
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HH 
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HH 

Hi 

Hi 

iSIS mm 

H 

MB 

£*1 

HiSPSHI 

IHl 

SDSSSS 

s 

■■ 


■■ 

■ 

m 

1 

1 

1 

Hil 


I 25 50 75 100 125 150 

TEMPERATURE (°C) 


Reference Current Change with 
Temperature (Normalized) 


pi 

Hi 

H 

HI 

H 

H 

Hi 

Hi 

IHl 

HI 

Hi 

EMHj 

ii 

Mi 

Hi 

HI 

Hi 

Hi 

Hi 

HI 

H 


Hi 

Hi 



Hi! 


Hi 

Hi 

mm 

H 


Hi! 

H 


jgp 


Hi 



■KISTTTBHi 

■mubv 

| 

H 

s 

JH 

m 





m\ 


-50 -26 0 25 60 75 100 125 

TEMPERATURE <°C) 


Temperature Stability 


Hi 

H 


Hi 

Hi 

HiHiinilllH 

S3 

5 

HiMiSggga 

Hi 


HHIIP5MIH 

Hi 

H 

giP^HHH 

Hi 




& 

3S555 

3 


SKBEfi™ 

Hi 

Hi 



■1 

HHi 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Voltage Change with 
Temperature (Normalized) 



Current Limit 



Input-Output Differential 
Voltage 


-50 -25 0 25 50 75 100 125 

-50 -25 0 25 50 76 100 125 

‘ -50 -25 0 25 50 75 100 126 

TEMPERATURE ( C) 

TEMPERATURE { 0 

TEMPERATURE (“0 

Load Transient Response 

Load Transient Response 


(Voltage Mode) 

(Current Mode) 

Ripple Rejection 



TIME M 

TIME Ifis) 

FREQUENCY (Hi) 

Line Transient Response 

Line Transient Response 

Output Impedance 



0 100 200 300 400 

TIME U) 


V| N = 15V 
V 0 UT = 5V 
Cref = 2.2 yFd 



100 200 300 400 

TIME M 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

TL/H/5549-2 











Typical Applications (Continued) 

2A Regulator with Current Limit 



Variable Voltage Reference with Current Limit 



* ‘Optional— improves transient response TL/H/5549-3 

i-> Vqut Desired , \ Rlimit , J 

Rprog “ T^a ' 0UT < MAX > = Ir^ + 1 J x 100 M 

Iqut^^OO mA 

Applications Information 

The LH0075 does not require capacitors for stable opera- from filter capacitors. A 0.1 jaF for input bypassing should 
tion, but an input bypass is recommended if device is far be adequate for almost all applications. 


1 
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Applications Information (Continued) 

DESCRIPTION OF OPTIONS 

Ripple Rejection Compensation. (Increases Ripple Re- 
jection Typically to 80 dB) 

The ripple rejection may be improved by connecting an ex- 
ternal capacitor between pin 9 and ground. (The typical per- 
formance curves show the rejection with a capacitance of 
2.2 ju,Fd.) 

Internal Voltage Programming 

The LM0075 provides various precision output voltages sim- 
ply by using one or more of the interna! resistors. A particu- 
lar voltage may be obtained by external connections as 
shown in Table I. 



External Voltage Programming 

An external resistance can be connected between pin 9 and 
ground to obtain any voltage from 0 to 27V using the follow- 
ing equation: 

_ Vout Desired 
ReXT= 1 mA 

The reference current (Iref) has a typical temperature coef- 
ficient of -65 ppm/°C. Choosing a resistive material with a 
temperature coefficient of 65 ppm/°C will compensate the 
negative temperature coefficient, resulting in an output volt- 
age with minimal change over the operating temperature 
range. Example of a good resistive material is Nichrome, 
which has a typical temperature coefficient of 80 ppm/°C. 


Since a current source is used as a reference, this makes 
remote voltage programming possible. 

Current Limit Programming 

The maximum current output of the device may be limited 
by adding two external resistors as shown below. The resis- 
tor values are easily calculated with the following equation: 

Iout(max) = [ flense + 1 ] X 100m,A 

where Rsense =1 t0 10ft 



This programmable current limit feature can be extended to 
make the LH0075 a programmable constant current source. 
This can be done by leaving pin 9 open and setting 
Rlimit and Rsense as desired. 

For applications where the current limit is used, a minimum 
load current of 100 jaA is established at the output. This 
arises from the fact that the constant current used in setting 
maximum output current is 100 jutA, and it goes directly to 
the output of the LH0075. If the total current drawn from the 
output is less than the minimum, the output will rise. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. Rsense must be 
placed as close to the output of the LH0075 as possible, but 
r limit °an be a fixed resistor or potentiometer located re- 
motely from the device. 


TABLE I. Connection Scheme for Internal Available Output Voltages 


OUTPUT 
VOLTAGE (V) 

PIN 5 

PIN 6 

PIN 7 

PIN 8 

PIN 9 

5 



Gnd 



6 




* 


8 

# 



• 

. 

10 


Gnd 

* 


• 

12 

Gnd 


* 



15 

• 

Gnd 


• 


18 



• 
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National 

Semiconductor 


LH0076 Negative Precision Programmable Regulator 


General Description 

The LH0076 is a precision programmable regulator for neg- 
ative voltages. Regulated output voltages from 0 to -27V 
may be obtained by using 1 external resistor. Also available 
without any external components are several fixed regulat- 
ed voltages with accuracies to 0.1% (-3V, -5V, -6V, 
— 8V, — 9V, -12V, -15V and -18V). The output current 
limit is adjustable from 0 to 200 mA using 2 external resis- 
tors. These features provide an inventory of precision regu- 
lated values in 1 package. 


Features 

■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.02% 

■ Remote voltage sensing 

■ Ripple rejection-70 dB 

■ Output Adjustable to 0V 

■ Adjustable precision current limit 

■ Output current to 200 mA 


Schematic Diagram 

Rt 

6 5k 7 



Connection Diagram Typical Applications 

Metal Can Package Precision - 1 5 V Reference Supply without Current Limit 

c 




Case is electrically isolated See NS Package H 1 2B 



1-13 


LH0076 






LH0076 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Operating Temperature Range 

please contact the National Semiconductor Sales LH0076 -55°Cto +125°C 

Office/Distributors for availability and specifications. LH0076C -25°C to + 85°C 

(Note 4) 

Input Voltage -32V Storage Temperature -65°Cto +150°C 

Output Voltage -27V Lead Temperature 

Output Current 200 mA (Soldering, 1 0 seconds) 300»C 

Power Dissipation See Curve 

Electrical Characteristics Conditions are for Tmin^Ta^Tmax unless otherwise noted 

Parameter 

Conditions 

LH0076 

LH0076C 


Min 

Typ 





Line Regulation 

T a = 25°C 


0.005 

0.02 




him| 

Load Regulation 

T a = 25 0 C, 

1 mA <1 load < 200 mA 
v OUT^ “5.0V 

VoUT^ “5.0V 


0.02 

7.5 

0.15 


0.02 

15 

0.3 

■ 

Reference Current (Iref) 

T A = 25°C > V| N =-15V 

0.998 






jjfS 

Reference Current Drift 

(AlREF/ATemp.) 

V| N =-15V 


-0.0065 



-0.0065 



Minimum Load Current (Ilim) 

(Note 1) 

98 

100 

102 

95 

100 

105 

juA 

Output Voltage Range 


0 


-27 

0 


-27 

V 

Minimum Input Voltage 


-10 



-10 



V 

Input-Output Differential 

Voltage 

Ta = 25 0 C, 

1 mA<l load <200 mA 

■ 

n 



2.7 

3.5 

B 

Quiescent Supply Current 

V| N = —15V 


ii 

■a 


11 



Ripple Rejection 

V 0 UT = 5.0V, f= 120 Hz 


70 



70 


dB 

Output Voltage 

Tolerance 

T a = 25°C, (Note 2) 


±0.1 

±0.5 


±0.1 

±1.0 

B 

Output Voltage Change with 
Temperature (AVoui/ATemp.) 

(Note 3) 


0.003 







Note 1: Minimum load current is established by Ilim. the current to Q2 (see schematic.) Ilim draws directly from the output if the current limit feature is used. 
Note 2: For V|n = 15V and Vout obtained by using R4, R5, R6, and R8 individually. 

Note 3: Total change over specified temperature range. 

Note 4: Refer to RETS0076G for military specifications on the LH0076. 
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Typical Performance Characteristics 

Refere 

Maximum Power Dissipation Tempe 


Reference Current Change with 
Temperature (Normalized) 


Temperature Stability 



50 75 100 125 150 

TEMPERATURE (°C) 


Output Voltage Change with 
Temperature (Normalized) 



50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Current Limit 


||H 

bb 

IH 

hi 

bb 

Hi 

bh| 

Ibh 

HI 

HI 

BB 

HI 

HI 

HI 

HI 

HB 

HI 

Bl 

HI 

BB 

Hi 

JHfe 


BH 

BB 

IHI 

HI 

Hi 




Bl 

HI 

BH 

bb 

■1 

bb 

1^1 

bb 

IH 


iH 

■ 


■ 

iSH 

■H 

■i 

HI 




0 











-50 -25 0 25 50 75 100 125 

TEMPERATURE (X) 



Rexternal 

^slizto J 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (’C) 


Input-Output Differential 
Voltage 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



Load Transient Response 
(Voltage Mode) 


V| N - -20V 
VOUT * -5V 


Hi 

Wm 

mm 

If/in 

J|| 


Load Transient Response 
(Current Mode) 


Vim ■ -20V 
I0UT* 100 mA (MAX) 



Line Transient Response 


0 20 40 60 80 100 

TIME Uii) 

0 20 40 60 80 100 

TIME M 

0 100 200 300 400 500 

TIME fas) 

Quiescent Input Current 

Ripple Rejection 

Output Impedance 


i ■ i 

H 

V, n = -15V 
_VouT“-5V- 
Ii - 100 mA 

— 




n 

■ 

■ 


■■Bin 


□ 

□ 





10 -20 -30 

-40 

10 100 Ik 10k 100k 1M 10M 

10 100 Ik 10k 100k 

1M 10M 

INPUT VOLTAGE (V) 


FREQUENCY (Hz) 

FREQUENCY (Hz) 

TL/H/5548-3 


LH0076 














LH0076 


Typical Applications (Continued) 


Variable Voltage Reference with Current Limit 



2-Amp Regulator with Current Limit 



Application Information 

The LH0076 does not require external capacitors for stable 
operation. However, an input bypass is recommended if the 
device is far from filter capacitors. A 0.1 jmF for input bypass- 
ing should be adequate for most applications. 

DESCRIPTION OF OPTIONS 
External Voltage Programming 

An external resistance can be connected between pin 10 
and ground to obtain any voltage from 0 to -27V using the 
following equation: 

_ Vout desired 
Rext = — -1 mA — 


The reference current (Iref) has a typical temperature coef- 
ficient of -60 ppm/°C. Choosing a resistive material with a 
temperature coefficient of 60 ppm/°C will compensate the 
negative tempco of the reference current, resulting in an 
output voltage with minimal change over the operating tem- 
perature range. Example of a good resistive material is ni- 
chrome, which has a typical tempco of 80 ppm/°C. Ni- 
chrome is the resistive material used in the LH0076, result- 
ing in output voltage drift of 20 ppm/°C typically. 
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Application Information (Continued) 

Because a current source is used as a reference, remote 
voltage programming is possible. 

Internal Voltage Programming 

The LH0076 provides various precision output voltages sim- 
ply by using 1 or more of the internal programming resistors. 
These voltages may be obtained by using the connections 
as shown in Table 1. 


Rjotal > s the total resistance between pin 10 and ground 




VOUT = 1 REF x (RTOTAL) 


'REFERENCE "A 


TL/H/5548-5 


R4, R5, R6 and R8 are precision trimmed to 0.1% 

FIGURE 1 


r sen$e 



FIGURE 2. Current Limit Programming 


For application where the current limit is used, a minimum 
load current of 100 ju,A is established at the output. This 
arises from the fact that the constant current used in setting 
maximum output current is 100 juA, and it comes directly 
from the output of the LH0076. If the total current is less 
than this minimum current, the output will drop. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. Rsense should be 
placed as close to the output of the LH0076 as possible, but 
Rlimit can be a resistor or potentiometer located remotely 
from the device. 


Current Limit Programming 

The maximum current output of the device may be limited 
by adding 2 external resistors as shown in Figure 2. The 
resistor values are calculated using the following equation: 

IOUT(MAX) = [ R R g L ^ T E + 1 ] X lOO^A 

where Rsense = 1 to ion 

This programming current limit feature can be extended to 
make the LH0076 a programmable current sink. This can be 
done by leaving pin 10 open and setting Rlimit ar| d Rsense 
as desired. (See Figure 3). 



TABLE 1. Connection Scheme for Internally Available Output Voltages 


OUTPUT 
VOLTAGE (V) 

PIN 1 

PIN 2 

PIN 7 

PIN 10 

PIN 11 

-3 





GND 

-5 



* 

* 


-6 

4 

Gnd 




-8 



* 


* 

-9 

Gnd 




• 

-12 

Gnd 





-15 


Gnd 



* 

-18 


Gnd 
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LH7001 


National 
Semiconductor 

LH7001 

Positive/Negative Adjustable 

General Description 

The LH7001 combines a positive and a negative adjustable 
regulator in one package. Both can supply 1 00 mA over a 
1 .2 V to 37V output range. It is exceptionally easy to use and 
requires only two external resistors on each side to set the 
output voltage. 

In addition to high performance both sides of the LH7001 
offer full overload protection. Included are current limit, ther- 
mal overload protection and safe area protection. All over- 
load protection circuitry remains fully functional even if the 
adjustment terminal is disconnected. 

The LH7001 is intended for voltage and current regulation in 
systems where both polarities are required. This is, e.g., the 
case with supplies for op-amps and buffers, where the 
LH7001 can also be used to protect from overloads. 

Normally, for stable operation, no external capacitor is 
needed on the positive side. The negative side requires only 
a single 1 juF solid tantalum capacitor. On both sides, larger 
output capacitors can be added to improve transient re- 
sponse. In case the device is further than 6 inches from the 
input filter capacitors, input bypass capacitors are needed. 
The adjustment terminals can be bypassed to achieve very 
high ripple rejection. 

The positive and the negative regulator are electrically sep- 
arated and can therefore be used independent from each 
other. Since each regulator is “floating” and sees only the 


PRELIMINARY 


Regulator 


input to output differential voltage, supplies of several hun- 
dred volts can be regulated as long as the maximum input- 
to-output differential is not exceeded. 

The LH7001 is available in a standard molded 8 pin DIP as 
LH7001CN with a temperature range of -40°C to + 125°C, 
and in an 8 pin TO-5 package as LH7001H with a tempera- 
ture range from -55°C to + 150°C. 

Features 

■ Dual output down to ± 1 .2V 

■ Guaranteed ±100 mA output current 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.5% 

■ Current limit constant with temperature 

■ Standard 8 pin DIP and 8 pin TO-5 packages 

■ 80 dB ripple rejection 

■ Output is short circuit protected 

Applications 

■ Dual precision voltage regulator 

■ Dual precision current limiter 

■ Voltage and current protection for op-amps 

■ Dual tracking regulator 



Connection Diagrams 

Plastic Package Metal Can Package 

(Dual-ln-Line, 8 Pin) (TO-5, 8 Pin) 



TL/K/10127-2 

Top View 

Order Number LH7001H 
See NS Package Number H08D 
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Storage Temperature 
Lead Temperature (Soldering) 
LH7001CN 
LH7001H 
ESD Rating 


- 55°C to +150°C 

4 sec. to 260°C 
10 sec. to 300°C 
TBD 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Power Dissipation Internally Limited 

Input-Output Voltage Differential 40V 

Operating Junction Temperature 
LH7001CN — 40°C to + 125°C 

LH7001H — 55°C to + 150°C 

Electrical Characteristics (Note 1) (unless otherwise noted, these specifications apply: 

— 55°C < Tj < + 1 50°C for the LH7001 and -40°C ^ Tj < + 125°C for the LH7001C, |V| N - V 0 ut| = 5V and l 0 UT = 40 mA. 
Although power dissipation is internally limited, these specifications are applicable for power dissipations up to 600 mW for 
LH7001H and up to 900 mW for LH7001CN, Imax is 100 mA. Specifications apply for both positive and negative current limiter. 


Parameter 

Conditions 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Units 

(Max. Unless 
Otherwise Noted) 

Line Regulation 

3V < |V|n — VoutI < 

(Note 4) 

Tj = 25°C 

0.01 

0.02 

0.04 

0.07 


%/V 

Load Regulation 

5 mA < Iqut < Imax 
(N ote 4), P <; 625 mW 

Tj = 25°C 

0.5 

0.8 

1.5 


% 

Adjustment Pin Current 


50 

100 


juA 

Adjustment Pin 

Current Change 

5 mA < l|_ < 100 mA 

3V < |V| N - VoutI < 40V, P ^ 625 mW 

4 

10 


jllA 

Reference Voltage 

3V < |V| N - VoutI < 40V, (Note 4) 

5 mA < Iout ^ 100mA 

1.25 

1.3 

1.2 


V(Min) 

Current Limit 

3V < |Vin - VqutI < 13V 

200 

300 

100 


mA 

mA (Min) 

|Vin _ VqutI < 40V 

50 

120 

25 


mA 

,mA (Min) 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 

0.04 

0.2 


%/W 

Minimum Load Current 

|Vin - VoutI < 40V 

3 < |Vin - VoutI < isv 

3.5 

5 


mA 

1.5 

3.5 


mA 

RMS Output Noise, 

% of Vqut 

Tj = 25°C, 10Hz <f< 10kHz 

0.003 



% 

Ripple Rejection Ratio 

V 0 UT = 10V, f = 120 Hz 

Cadj = 0 /xF 

Cadj = 10 jxF 

65 

80 



dB 

Long Term Stability 

Tj = 1 25°C, 1000 Hrs. 

0.3 



% 

Thermal Resistance 

Junction to Ambient 
(No Heat Sink) 

H Package (TO-5) 

180 



°C/W 

N Package (DIP) 

110 



°c/w 

Thermal Resistance 

Junction to Case 

H Package (TO-5) 

75 



°c/w 


Note 1: Boldface limits are guaranteed over full temperature range. Operating junction temperature range of LH7001CN is -25°C to +125°C, and LH7001H is 
— 55°C to + 150°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature or temperature range. These limits are not used to calculated 
outgoing quality level. 

Note 4: This parameter is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects 
are covered under the specification for thermal regulation. 
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LH7001 
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Application Hints 

In operation, the positive regulator develops a nominal 
1.25V reference voltage, Vref. between the output and the 
adjust terminal (Figure 1). The negative regulator develops 
-1.25V. The reference voltage is impressed across pro- 
gram resistor R1 and, since the voltage is constant, a con- 
stant current h then flows through the output set resistor 
R2, giving an output voltage of Vqut = V REF (1 + R2/R1) 
+ Iadj (R2) 


POS. HALF 
LH7001 



Pinout shown for DIP (TO-5 in parenthesis) 

FIGURE 1. Positive Voltage Regulator 


Since the current from the adjustment terminal represents 
an error term, the LH7001 was designed to minimize Iadj 
and make it very constant with line and load changes. To do 
this, all quiescent operating current is returned to the output 
establishing a minimum load current requirement. If there is 
insufficient load on the output, the output voltage will rise. 
•adj is typically 50 juA (see graph in Typical Performance 
Characteristics). 

Stability 

An input bypass capacitor is recommended for both the 
positive and the negative regulator in case the regulator is 
more than 6 inches away from the usual large filter capaci- 
tor. A 0.1 jllF disk or 1 juF tantalum on the inputs is suitable 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used, but the above values 
will eliminate the possibility of problems. 

The positive regulator is stable with no output capacitors. 
However, like any feedback circuit, certain values of exter- 
nal capacitance can cause excessive ringing. For the posi- 
tive regulator these values are between 500 pF and 
5000 pF. Additional capacitance on the output will correct 
the problem. 

To stabilize the negative side, a lossy capacitor of more 
than 0.1 /xF is needed from the negative output to ground. A 
1 juF tantalum or 3.911 in series with a 0.1 jaF ceramic will 
meet the requirement (Figure 2). However, in some applica- 
tions, like on the supply voltage for an op-amp, a high grade 
bypass capacitor is needed. In this case a lossy ceramic 
bead in series with the negative output, followed by 0.1 jaF 
to ground, is recommended (Figure 3). The bead needs to 
be optimized for frequencies around 1 MHz, a Fair-Rite 
2673000101 works well. 


POS. HALF 
LH7001 



NEG. HALF 
LH7001 



Pinout shown for DIP (TO-5 in parenthesis) 

FIGURE 2. Choice of Capacitors for Stable Operation 


*V|M 



TL/K/10127-7 

The negative regulator is stabilized with ferrite bead and C3. 

Pinout shown for DIP (TO-5 in parenthesis) 

FIGURE 3. LH7001 Supplying an Op-Amp 
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Stability (Continued) 

A resistor value of 3.9ft in series with the output followed by 
a 0.1 juiF to ground is another way to suppress oscillations 
of the negative regulator, but this is only acceptable where 
the load regulation is not critical (Figure 4). 



o.i mf 

rHHi' 

3.7 > R s C3 


Improved Ripple Rejection 

The adjustment terminals on both the positive and the nega- 
tive regulator can be bypassed to ground to improve ripple 
rejection and noise. These bypass capacitors prevent ripple 
and noise from being amplified. With 1 0 ju,F bypass capaci- 
tors 80 dB ripple rejection is obtainable at any output level. 
Increases over 10 juF do not appreciable increase the ripple 
rejection at frequencies above 1 20 Hz. If bypass capacitors 
are used, it is sometimes necessary to include protection 
diodes (see next section) to prevent the capacitors from 
discharging through internal low current paths and damag- 
ing the device (Figure 6). 



OUT 1 

-V| N 


NEG. HALF 
LH7001 

I 

ADJ • = g 

O — 

H 

IN OUT L 

ADJ j 

IN l z 


(®) 

5 1(7) 


The negative regulator is stablized by Rs, C3. 

FIGURE 4. LH7001 Supplying an Op-Amp* 

In the current limit mode the negative regulator has a series 
sense resistor which separates the device from the load and 
its bypass capacitor. A 0.1 juF ceramic capacitor in series 
with 3.9ft from the output to ground will suppress oscilla- 
tions (Figure 5). 



TL/K/10127-12 

FIGURE 6. LH7001 with Improved Ripple Rejection* 

Protection Diodes 

When external capacitors are used with any 1C regulator, it 
is sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 10 ju,F capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there is enough energy to 
damage the device. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. Figure 7 shows how to protect 
the device with discharge diodes. 


II IN out l * a ^v 

(6) 1 A ° J 1 (5) R$ 

1 uF 5 I (7) 


R1, Cl Stabilize the negative side. Iout = ±1-25 V/Rg. 

FIGURE 5. LH7001 as Dual Current Limiter* 


*Pinout shown for DIP (TO-5 in parenthesis) 
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Protection Diodes 




TL/K/10127-14 

FIGURE 7. LH7001 with Large Capacitive Loads* 

The discharge current depends on the value of the capaci- 
tor, the output voltage of the regulator, and the rate of de- 
crease of V|fsj. In the LH7001 the discharge path is through 
a large junction that is able to sustain a 2A surge without 
being degraded. For output capacitors of 1 0 juF or less, the 
LH7001’s ballast resistors and output structure limit the 
peak current to a low enough level so that there is no need 
to use protection diodes. 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. When shorts 
might occur and the capacitance is in excess of 10 /xF dis- 
charge diodes are recommended (Figure 6). 

Capacitors 

In general, the best type of capacitor to use are solid tanta- 
lum. These capacitors have low impedance even at high 
frequencies. Depending on capacitor construction, it takes 
about 25 juF in aluminum electrolytic to equal 1 juF solid 
tantalum at high frequencies. Ceramic capacitors are also 
good at high frequencies, but some types have a large de- 
crease in capacitance at frequencies around 5 MHz. For this 
reason, a 0.01 jmF disk may work better than a 0.1 ju,F disk 
as a bypass. 

Load Regulation 

The LH7001 is capable of providing extremely good load 
regulation, but a few precautions are needed to obtain maxi- 


mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240H) should be tied directly to the output of the regula- 
tor rather than near the load. This eliminates line drops from 
appearing effectively in series with the reference and de- 
grading regulation. For example, a 15V regulator with 
50 mfl resistance between the regulator and load will have 
a load regulation due to line resistance of 50 m ft x li_. If the 
set resistor is connected near the load the effective line 
resistance will be 50 mil (1 + R2/R1) or, in this case, 11.5 
times worse. 

Figure 8 shows the effect of resistance between the regula- 
tor and the connection of the set resistor. 


P0S. HALF 
LH7001 



Resistance in Output Lead* 


It is easy to minimize the resistance from the case to the set 
resistor, by using two separate leads to the output pin. The 
ground of R2 can be returned near the ground of the load to 
provide remote ground sensing and improve load regulation. 
The setting resistor is normally chosen to be 240ft. The 
reference voltage of 1.25V causes a current of 5.2 mA to 
flow, which is much larger than the maximally 100 juA flow- 
ing through the adjustment pin. This makes the regulation 
very stable. However, if a smaller set current is desired, the 
setting resistor can be increased at the expense of voltage 
accuracy, e.g. to 2 kfl. 

Thermal Regulation 

When power is dissipated in an 1C, temperature gradient 
occurs across the chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per Watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Vout. 
per Watt, within the first 10 ms after a step of power is 
applied. The LH7002 specification is 0.2 %/W, maximum. 


*Pinout shown for DIP (TO-5 in parenthesis) 
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Current Limiting and Thermal Protection 


Both the positive and the negative regulator protect them- 
selves as well as the loads. They do this by limiting the 
current and by a thermal shutdown feature that cuts in 
should the temperature in the regulator get too high. 

The current limiting is relatively constant over temperature. 
The limit is constant up to about 1 5V input-to-output differ- 
ential, then drops (see the graphs in the Typical Perform- 
ance Characteristics). 

The thermal shutdown will cut the current off as soon as the 
thermal sensor reaches typically 162°C. Thus the cut-off de- 
pends on the power dissipated in the LH7001 and the ther- 
mal resistance: 

■max = Tmax/Rth (Vin ~ Vout) 

There are also two time constants involved. One is the time 
constant of the chip; it is typically 100 ms. The other one is 
the time constant of the package; it is typically 20 sec (the 
exact value depends on the type of cooling, heatsink, etc.). 
This means that for a short time the device can absorb more 
power than in a steady state condition. 

The thermal protection on each side is independent of the 
other. When the protection cuts in, the output current be- 
comes pulse width modulated. In this way the dissipation in 
the device is limited. The repetition time can range from 
several tens to several hundreds of milliseconds, with the 
faster times for the higher overstress. Normally, under sym- 
metrical electric conditions, the positive side will go into 
thermal protection before the negative side. 

Figure 9 shows the dissipation of the positive and the nega- 
tive regulator for the DIP package. The conditions are sym- 
metrical as shown in Figure 10. The current through the 
regulators is held at a constant ± 1 00 mA. With increasing 
voltage the dissipation in the device increases, and the posi- 
tive regulator starts to turn off in a pulsed fashion. When the 
power is increased further, the positive regulator is OFF and 
the negative regulator goes into pulsed thermal shutdown. 
Figure 11 shows the same graph for the TO-5 package. 

It needs to be mentioned that the LH7001CN in the DIP 
package will be protected from catastrophic failure, but if 
operated in thermal shutdown frequently or for long dura- 
tions the thermal shutdown temperature of nominally 162°C, 
will reduce the lifetime of the plastic package. 
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INPUT-T0-0UTPUT VOLTAGE DIFFERENTIAL (tV) 


P0S. HALF 
LH7001 
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(8)L 


IN OUT 

ADJ | (1 ) 


12.5 


(3) 


H' 

|v + Mv-| 

TL/K/10127-17 


NEG. HALF 
LH7001 



•Pinout shown for DIP (TO-5 in parenthesis) 

FIGURE 10. Circuit Used to Determine 
Dissipation Characteristics* 
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INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL (±V) 


TL/K/10127-19 

FIGURE 11. Dissipated Power of Positive and Negative 
Regulator vs In-to-Out Voltage Differential in a Typical 
LH7001 H (TO-5 Package) 


TL/K/10127-16 

FIGURE 9. Dissipated Power of Positive and Negative 
Regulator vs In-to-Out Voltage Differential 
in a Typical LH7001CN (DIP Package) 
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Schematic Diagrams 


LH7001CN (DIP) 

LH7001H (TO-5) 

+V IN o— ^ 

POS. HALF 
LH7001CN 

J o+v 0UT 

+ V| N 0 ^ 

POS. HALF 
LH7001H 

J— O +V 0UT 

-V| N o— 

T 

+ADJ. 

TL/K/101 27-20 

~ V IN O 

"T" 

+ADJ. 

TL/K/101 27-22 

NEG. HALF 
LH7001CN 

j 4 0 “ V 0UT 

NEG. HALF 
LH7001H 

J — o-v 0UT 


I 5 

-ADJ. 

TL/K/10127-21 

For detailed schematic diagrams see LM317Land LM337L datasheets. 

j 7 

-ADJ. 

TL/K/10127-23 


Typical Applications 

Dual Current Limiter* 

+15V 



TL/K/101 27-24 


♦Pinout shown for DIP (TO-5 in parenthesis) 


Dual Voltage Regulator* 
+v 



TL/K/101 27-25 
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LH7001 
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Typical Applications (Continued) 


Tracking Regulator* 

POS. HALF 
LH7001 



TL/K/10127-28 

Ai = LM301A, LM307 or LF13741 Only 

Ri, R 2 = Matched resistors with good TC tracking 

’Pinout shown for DIP (TO-5 in parenthesis) 


± 10V High Stability Regulator* 



TL/K/1 01 27-30 


’Pinout shown for DIP (TO-5 in parenthesis). 

”To trim the output voltages Ri and R 2 can be replaced by a series combination of 240n and a 100ft potentiometer. 



LM104/LM204/LM304 


National 
Semiconductor 

LM104/LM204/LM304 Negative Regulator 

General Description 

The LM104 series are precision voltage regulators which 
can be programmed by a single external resistor to supply 
any voltage from 40V down to zero while operating from a 
single unregulated supply. They can also provide 0.01 -per- 
cent regulation in circuits using a separate, floating bias 
supply, where the output voltage is limited only by the 
breakdown of external pass transistors. Although designed 
primarily as linear, series regulators, the circuits can be used 
as switching regulators, current regulators or in a number of 
other control applications. Typical performance characteris- 
tics are: 

■ Subsurface zener reference 

■ 1 mV regulation no load to full load 

■ 0.01 %/V line regulation 

■ 0.2 mV/V ripple rejection 

■ 0.3% temperature stability over military temperature 
range 


Schematic Diagram 



The LM104 series is the complement of the LM105 positive 
regulator, intended for systems requiring regulated negative 
voltages which have a common ground with the unregulated 
supply. By themselves, they can deliver output currents to 
25 mA, but external transistors can be added to get any 
desired current. The output voltage is set by external resis- 
tors, and either constant or foldback current limiting is made 
available. 

The LM104 is specified for operation over the -55°C to 
4- 1 25°C military temperature range. The LM204 is specified 
for operation over the -25°C to +85°C temperature range. 
The LM304 is specified for operation from 0°C to + 70°C. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 



LM104/LM204 

LM304 

Input Voltage 

50V 

40V 

Input-Output Voltage Differential 

50V 

40V 

Power Dissipation (Note 1) 

500 mW 

500 mW 

Operating Temperature Range 

LM104 

— 55°C to +125°C 


LM204 

— 25°C to +85°C 


LM304 


0°C to +70°C 

Storage Temperature Range 

— 65°C to + 150°C 

— 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 

260°C for plastic 

300°C for hermetic 


Electrical Characteristics 


Parameter 

Conditions 

LM104/LM204 

LM304 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Voltage Range 


-50 


-8 

-40 


-8 

V 

Output Voltage Range 


-40 


-0.015 

-30 


-0.035 

V 

Output-Input Voltage 

Iq = 20 mA 

2.0 


50 

2.0 


40 

V 

Differential (Note 3) 

Iq = 5 mA 

0.5 


50 

0.5 


40 

V 

Load Regulation (Note 4) 

O £ lo ^ 20 mA 

Rsc = 1 50 


1 

5 


1 

5 

mV 

Line Regulation (Note 5) 

v OUT ^ -5V 

AV, N = 0.1 V, N 


0.056 

0.1 


0.056 

0.1 

% 

Ripple Rejection 

C 19 = 10 jixF, f = 120 Hz 
V| N < -15V 


0.2 

0,.5 


0.2 

0.5 

mV/V 


-7VZV, n 2 -15V 


0.5 

1.0 


0.5 

1.0 

mV/V 

Output Voltage Scale Factor 

R 2 -3 = 2.4k 

1.8 

2.0 

2.2 

1.8 

2.0 

2.2 

V/k n 

Temperature Stability 

v 0 ^ -iv 


0.3 

1.0 


0.3 

1.0 

% 

Output Noise Voltage 

10 Hz ^ f ^ 10 kHz 

V 0 ^ —5V, C^.g = 0 


0.007 



0.007 


% 


Ci .9 = 10 juF 


15 



15 


,xV 

Standby Current Drain 

l L = 5mA,V 0 = 0 


1.7 

2.5 


1.7 

2.5 

mA 


V 0 = -30 V 





3.6 

5.0 

mA 


V 0 = -40 V 


3.6 

5.0 




mA 

Long Term Stability 

> 

T 

VI 

o 

> 


0.01 

1.0 


0.01 

1.0 

% 


Note 1: The maximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100 e C. For operating at elevated temperatures, 
devices in the H10C package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: These specifications apply for junction temperatures between -55°C and 150°C (between -25°C and 100°C for the LM204 and O’C to +85°C for the 
LM304) and for input and output voltages within the ranges given, unless otherwise specified. The load and line regulation specifications are for constant junction 
temperature. Temperature drift effects must be taken Into account separately when the unit is operating under conditions of high dissipation. 

Note 3: When external booster transistors are used, the minimum output-input voltage differential is Increased, in the worst case, by approximately IV. 

Noto 4: Tho output currents glvon, as well as the load regulation, can be Increased by the addition of external transistors. The Improvement factor will be roughly 
equal to the composite current gain of the added transistors. 

Note 5: With zero output, the dc line regulation is determined from tho rlpplo rejection. Hcnco, with output voltages between OV and - 5V, a dc output variation, 
determined from the ripple rejection, must be added to find the worst-case line regulation. 

Noto 6: Refer to RETS104X drawing for military specifications for the LM104. 
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LM104/LM204/LM304 




LM104/LM204/LM304 


Typical Performance Characteristics 


Load Regulation 



0 5 10 15 20 25 


LOAD CURRENT (mA) 


Supply Voltage Rejection 



0 10 20 30 40 50 

DC INPUT VOLTAGE (V) 


Load Regulation 


Current Limiting 



0 10 20 30 40 

LOAD CURRENT imA) 


Supply Voltage Rejection With 
Preregulated Reference Supply 



10 20 30 40 50 GO 

LOAD CURRENT (mA) 


Ripple Rejection 




0 10 20 30 40 50 

DC INPUT VOLTAGE (V) 


10 20 30 40 50 

DC INPUT VOLTAGE (V) 


Current Limit Sense Voltage 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Regulator Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Minimum Input Voltage 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Line T ransient Response Load T ransient Response 



Standby Current Drain 



0 10 20 30 40 


OUTPUT VOLTAGE (V) 


TL/H/7754-7 
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Connection Diagram 


Metal Can Package 

NC 



UNREG 

INPUT 

Note: Pin 5 connected to case. 

Top View 


TL/H/7754-2 


Order Number LM104H, LM204H or LM304H 
See NS Package H10C 


Typical Applications 


Operating with Separate Bias Supply 



Basic Regulator Circuit 



Trim R1 for exact scale factor. 


High Current Regulator 



Switching Regulator 



tSolid Tantalum TL/H/7754-6 

* 60 turns # 20 on Arnold Engineering A9301 57-2 Molybdenum Permalloy Core. 
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LM104/LM204/LM304 



LM 1 05/LM205/LM305/LM305A/LM376 



National 

Semiconductor 


LM105/LM205/LM305/LM305A, 
LM376 Voltage Regulators 


General Description 

The LM105 series are positive voltage regulators similar to 
the LM100, except that an extra gain stage has been added 
for improved regulation. A redesign of the biasing circuitry 
removes any minimum load current requirement and at the 
same time reduces standby current drain, permitting higher 
voltage operation. They are direct, plug-in replacements for 
the LM100 in both linear and switching regulator circuits 
with output voltages greater than 4.5V. Important character- 
istics of the circuits are: 

■ Output voltage adjustable from 4.5V to 40V 

■ Output currents in excess of 10A possible by adding 
external transistors 

■ Load regulation better than 0.1%, full load with current 
limiting 


■ DC line regulation guaranteed at 0.03%/V 

■ Ripple rejection on 0.01 %V 

■ 45 mA output current without external pass transistor 
(LM305A) 

Like the LM1 00, they also feature fast response to both load 
and line transients, freedom from oscillations with varying 
resistive and reactive loads and the ability to start reliably on 
any load within rating. The circuits are built on a single sili- 
con chip and are supplied in either an 8-lead, TO-5 header 
or a 1/4" x 1/4" metal flat package. 

The LM105 is specified for operation for -55°C ^ T A ^ 
+ 1 25°C, the LM205 is specified for -25°C <; T A £ + 85°C, 
and the LM305/LM305A, LM376 is specified for 0°C ^ T A 
^ +70°C. 


Schematic and Connection Diagrams 



Dual-In-Line Package 



Top View 

Order Number LM376N 
See NS Package Number N08E 


Metal Can Package 

REGULATED OUTPUT 



TL/H/7755-3 


Top View 

Order Number LM105H, 
LM205H, LM305H or LM305AH 
See NS Package Number H08C 
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Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. 
(Note 5) 


Input Voltage 
Input-Output Differential 
Power Dissipation (Note 1 ) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


LM105 

50V 

40V 

800 mW 

— 55°C to + 1 25°C 

— 65°C to + 1 50°C 

300°C 


LM205 

50V 

40V 

800 mW 

— 25°C to +85°C 

— 65°C to + 1 50°C 

300°C 


LM305 

40V 

40V 

800 mW 
— 0°C to +70°C 
— 65°C to -M50°C 
300°C 


LM305A 

50V 

40V 

800 mW 
0°C to +70°C 
65°C to + 1 50°C 
300°C 


LM376 

40V 

40V 

400 mW 
0°C to +70°C 
— 65°C to + 1 50°C 
260°C 


Electrical Characteristics (Note 2) 


Parameter 

Conditions 

LM105 

LM205 

LM305 

LM305A 

LM376 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Voltage Range 


8.5 


50 

8.5 


50 

8.5 


40 

8.5 


50 

9.0 


40 

V 

Output Voltage Range 


4.5 


40 

4.5 


40 

4.5 


30 

4.5 


40 

5.0 


37 

V 

Input-Output Voltage 
Differential 


3.0 


30 

3.0 


30 

3.0 


30 

3.0 


30 

3.0 


30 

V 

Load Regulation 
(Note 3) 

Rsc = ion, T A = 25°C 


0.02 

0.05 


0.02 

0.05 


0.02 

0.05 







% 

Rsc = ion, t a = Ta(max) 


0.03 

0.1 


0.03 

0.1 


0.03 

0.1 







% 

Rsc = ion, t a = Ta(min) 


0.03 

0.1 


0.03 

0.1 


0.03 

0.1 







% 


0 ^ l 0 ^ 12 mA 

0 ^ l 0 < 12 mA 

0 ^ l 0 ^ 12 mA 








Rsc = on, T A = 25 °C 











0.02 

0.2 



0.2 

% 

Rsc = on, Ta — 70°c 











0.03 

0.4 



0.5 

% 

Rsc = on, t a = o°c 











0.03 

0.4 



0.5 

% 











0 < Iq ^ 45 mA 

0 ^ Iq ^ 25 mA 


Line Regulation 

T a = 25°C 















0.03 

%/v 

0°C < T a < + 70°C 















0.1 

%/v 

V|N-V 0 ut^5V,T a = 25°C 


0.025 

0.06 


0.025 

0.06 


0.025 

0.06 


0.025 

0.06 




%/v 

V|N-V 0 UT^5V,T A = 25°C 


0.015 

0.03 


0.015 

0.03 


0.015 

0.03 


0.015 

0.03 




%/v 

Temperature Stability 

Ta(MIN) ^ T A ^ Ta(MAX) 


0.3 

1.0 


0.3 

1.0 


0.3 

1.0 


0.3 

1.0 




% 


9zei/\n/ vsoem/soem/sozm/so i ini 
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LM 1 05/LM205/LM305/LM305 A/LM376 


Electrical Characteristics (Note 2 ) (continued) 


Parameter 

Conditions 

LM105 

LM205 

LM305 

LM305A 

LM376 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Feedback Sense Voltage 


1.63 

1.7 

1.81 

1.63 

1.7 

1.81 

1.63 

1.7 

1.81 

1.55 

1.7 

1.85 

1.60 

1.72 

1.80 

V 

Output Noise Voltage 

10Hz 10kHz 

















Cref = 0 


0.005 



0.005 



0.005 



0.005 





% 

Cref = °* 1 F' F 


0.002 



0.002 



0.002 



0.002 





% 

Standby Current Drain 

V, N = 30V, T a = 25°C 















2.5 

1 

V| N = 40V 

















V| N = 50V 


0.8 

2.0 


0.8 

2.0 





0.8 

2.0 




mA 

Current Limit 

Sense Voltage 

T a = 25°C, R S c = 10n, 
V 0 UT = 0V, (Note 4) 

225 

300 

375 

225 

300 

375 

225 

300 

375 

225 

300 

375 


300 


mV 

Long Term Stability 



0.1 



0.1 



0.1 



0.1 





% 

Ripple Rejection 

0JA 

Cref = 10 ju.F, f = 120 Hz 
Epoxy Dual-1 n-Line Package 


0.003 



0.003 



0.003 



0.003 



140 


%/V 

°c/w 

0JA 

TO-5 Board Mount 

in Still Air 


230 



230 



230 



230 





°c/w 

0JA 

TO-5 Board Mount in 

400 LF/Min Air Flow 


92 



92 



92 



92 





°c/w 

0JC 

TO-5 


25 



25 



25 



25 





°c/w 


Note 1: The maximum junction temperature of the LM105 and LM305A is 150°C, the LM205 and LM376 is 100°C, and the LM305 is 85°C. For operation at elevated temperatures, devices in the H08C package must be derated based 
on a thermal resistance of 168°C/W junction to ambient, or 25°C/W junction to case. For the epoxy dual-in-line package, derating is based on a thermal resistance of 138°C/W junction to ambient. Peak dissipations to 1W are 
allowable providing the dissipation rating is not exceeded with the power average over a five second interval for the LM105 and LM205, and averaged over a two second interval for the LM305. 

Note 2: Unless otherwise specified, these specifications apply for temperatures within the operating temperature range, for input and output voltages within the range given, and for a divider impedance seen by the feedback terminal 
of 2 kn. Load and line regulation specifications are for a constant junction temperature. Temperature drift effects must be taken into account separately when the unit is operating under conditions of high dissipation. 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be roughly equal to the composite current gain of the added transistors. 
Note 4: With no external pass transistor. 

Note 5: Refer to RETS105X Drawing for military specifications for the LM105. 



Typical Performance Characteristics lmio 5 /lm 205 /lm 305 /lm 305 a 


Load Regulation 


Load Regulation 


Current Limiting 
Characteristics 


■Htmain 

BSSS.H 

mmimmiwm* 

WMIIHfl 

— iiBrSl 


■Km 

mm 

inm 

pi: 

I Inm 

|ESSQ 3 D«| 

mmmuwm 


OUTPUT CURRENT ImA) 


Current Limit Sense Voltage 



Short Circuit Current 


75 -50 -25 0 25 50 75 100 125 ISO 

JUNCTION TEMPERATURE ('0 



-75 -50 -25 0 25 50 75 100 125 150 

AMBIENT TEMPERATURE CC) 


Optimum Divider Resistance 
Values 



10 20 
OUTPUT VOLTAGE (V) 


Minimum Input Voltage 

I I I 7 I I I I 

— V OUT »4.5V 


75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Regulator Dropout Voltage Supply Voltage Rejection 



q 




V 0 

UT = 10V ] 






R se 

= lOf 







t 



D 

V 

■ 

S2SMKB3MM 

sssiiqs 



l L = 5 mA ' 










n 





□ 

_ 


□ 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( ? C) 


1 2 5 10 20 50 

INPUT OUTPUT VOLTAGE DIFFERENTIAL (VI 


Minimum Output Voltage 


Standby Current Drain 


Transient Response 



5 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



10 20 30 40 50 

INPUT VOLTAGE (V) 



LM105/LM205/LM305/LM305A/LM376 





Typical Performance Characteristics lm376 


Load Regulation 


Current Limiting Characteristics Current Limiting Sense Voltage 



LOAD CURRENT (mA) 


IS 20 25 30 

OUTPUT CURRENT (mA) 



0 25 50 70 

AMBIENT TEMPERATURE (°C) 


Minimum Input Voltage 


Regulator Dropout Voltage 


Optimum Divider Resistance 



0 25 50 70 

AMBIENT TEMPERATURE (°C) 



0 25 50 70 

AMBIENT TEMPERATURE ( U C) 



5 10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 


Standby Current Drain 
Ta = 25°C 



Supply Voltage Rejection 


assKsss 


10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 



Transient Response 





rz 



, 

LINE 

— 



t 


a R K = ion - 

AV in -5V _ 
V our* 10V 
Cl-0, 

• •••Cl™ 1 


Rsc 8 ion 
' I |e L ■ 20 mA 
‘ l ML » 1.0 mA 
- Vqut * 10V 


5 10 15 20 25 30 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 
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Typical Applications 


10A Regulator with Foldback Current Limiting 



1.0 A Regulator with Protective Diodes 


D2t 

UTR3305 



i leads on 


Linear Regulator with Foldback Current Limiting 

R4 



Current Regulator 



TL/H/7755-9 
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National 

Semiconductor 


LM109/LM309 5- Volt Regulator 


General Description 

The LM109 series are complete 5V regulators fabricated on 
a single silicon chip. They are designed for local regulation 
on digital logic cards, eliminating the distribution problems 
association with single-point regulation. The devices are 
available in two standard transistor packages. In the solid- 
kovar TO-5 header, it can deliver output currents in excess 
of 200 mA, if adequate heat sinking is provided. With the 
TO-3 power package, the available output current is greater 
than 1 A. 

The regulators are essentially blowout proof. Current limiting 
is included to limit the peak output current to a safe value. In 
addition, thermal shutdown is provided to keep the 1C from 
overheating. If internal dissipation becomes too great, the 
regulator will shut down to prevent excessive heating. 
Considerable effort was expended to make these devices 
easy to use and to minimize the number of external compo- 
nents. It is not necessary to bypass the output, although this 
does improve transient response somewhat. Input bypass- 
ing is needed, however, if the regulator is located very 


far from the filter capacitor of the power supply. Stability is 
also achieved by methods that provide very good rejection 
of load or line transients as are usually seen with TTL logic. 
Although designed primarily as a fixed-voltage regulator, the 
output of the LM1 09 series can be set to voltages above 5V, 
as shown. It is also possible to use the circuits as the con- 
trol element in precision regulators, taking advantage of the 
good current-handling capability and the thermal overload 
protection. 

Features 

a Specified to be compatible, worst case, with TTL and 
DTL 

a Output current in excess of 1A 
b Internal thermal overload protection 
a No external components required 


LM109/LM309 



LM109/LM309 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Operating Junction Temperature Range 

LM109 

LM309 

— 55°C to + 1 50°C 

0°C to + 1 25°C 

(Note 3) 

Input Voltage 

Power Dissipation 

35V 

Internally Limited 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec.) 

— 65°C to + 150°C 

300°C 

Electrical Characteristics (Notei) 








Parameter 

Conditions 

LM109 

LM309 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Voltage 

Tj = 25°C 

4.7 

5.05 

5.3 

4.8 

5.05 

5.2 

V 

Line Regulation 

Tj = 25°C 

7.10V ^ V| N ^ 25 V 


4.0 

50 


4.0 

50 

mV 

Load Regulation 

TO-5 Package 

TO-3 Package 

Tj = 25°C 

5 mA <i Iout ^ 0.5A 

5 mA ^ Iout ^ 1.5A 


15 

15 

50 

100 


15 

15 

50 

100 

mV 

mV 

Output Voltage 

7.40V <; V| N <: 25V, 

5 mA ^ Iqut ^ >max. 
p < PMAX 

4.6 


5.4 

4.75 


5.25 

V 

Quiescent Current 

7.40V <; V| N <; 25V 


5.2 

10 


5.2 

10 

mA 

Quiescent Current Change 

7.40V ^ V| N ^ 25V 

5 mA ^ Iqut ^ Imax 



0.5 

0.8 



0.5 

0.8 

< < 
E E 

Output Noise Voltage 

T a = 25°C 

10 Hz ^ f ^ 100 kHz 


40 



40 


VN 

Long Term Stability 



10 



20 


mV 

Ripple Rejection 

Tj = 25°C 

50 



50 



dB 

Thermal Resistance, 

Junction to Case 

TO-5 Package 

TO-3 Package 

(Note 2) 


15 

2.5 



15 

2.5 


6 d 

X -X 
£ => 

Note 1: Unless otherwise specified, these specifications apply -55°C ^ Tj ^ +150°C for the LM109 and 0°C ^ Tj £ +125°C for the LM309; Vin = 10V; and 

Iqut = 0.1 A for the TO-39 package or Iout - 0.5A for the TO-3 package. For the TO-39 package, Imax - 0.2A and P^ax = 2.0W. For the TO-3 package, Imax 
= 1.0A and P MA x = 20W. 

Note 2: Without a heat sink, the thermal resistance of the TO-39 package is about 1 50 6 C/W, while that of the TO-3 package is approximately 35°C/W. With a heat 
sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink. 

Note 3: Refer to RETS109H drawing for LM109H or RETS109K drawing for LM109K military specifications. 

Connection Diagrams 

Metal Can Packages 







^^-OUTPUT 


OUTPUT- 


— N 

GND 

(CASE) 


INPUT— 

/ r \ _GND 

f 3 \ ^ (CASE) 

r* ') 

<J 

D 


?> 



Order Number LM109H or LM309H 

See NS Package Number H03A 


INPUT 

TL/H/7138-3 

Order Number LM109K STEEL or LM309K STEEL 

See NS Package Number K02A 





For Aluminum Package 

Order Number LM309K 

See NS Package Number KC02A 
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Application Hints 

a. Bypass the input of the LM109 to ground with ^ 0.2 juF 
ceramic or solid tantalum capacitor if main filter capacitor 
is more than 4 inches away. 

b. Use steel package instead of aluminum if more than 
5,000 thermal cycles are expected. (AT ^ 50°C) 

c. Avoid insertion of regulator into “live” socket if input 
voltage is greater than 10V. The output will rise to within 
2V of the unregulated input if the ground pin does not 
make contact, possibly damaging the load. The LM109 
may also be damaged if a large output capacitor is 
charged up, then discharged through the internal clamp 
zener when the ground pin makes contact. 

d. The output clamp zener is designed to absorb tran- 
sients only. It will not clamp the output effectively if a 
failure occurs in the internal power transistor structure. 
Zener dynamic impedance is ~ 4ft. Continuous RMS 
current into the zener should not exceed 0.5A. 

e. Paralleling of LM109s for higher output current is not 
recommended. Current sharing will be almost nonexis- 
tent, leading to a current limit mode operation for devices 
with the highest initial output voltage. The current limit 
devices may also heat up to the thermal shutdown point 
(~ 175°C). Long term reliability cannot be guaranteed 
under these conditions. 

Crowbar Overvoltage Protection 

Input Crowbar 



f. Preventing latchoff for loads connected to negative 
voltage: 

If the output of the LM109 is pulled negative by a high cur- 
rent supply so that the output pin is more than 0.5V negative 
with respect to the ground pin, the LM109 can latch off. This 
can be prevented by clamping the ground pin to the output 
pin with a germanium or Schottky diode as shown. A silicon 
diode (1N4001) at the output is also needed to keep the 
positive output from being pulled too far negative. The 10ft 
resistor will raise +Vqut by ~ 0.05V. 



Output Crowbar 



*Zener is internal to LM1 09. 

**Q1 must be able to withstand 7A continuous current if fusing is not used at regulator input. LM109 bond wires will fuse at currents above 7A. 
tQ2 is selected for surge capability. Consideration must be given to filter capacitor size, transformer impedance, and fuse blowing time. 
ttTrip point is ~ 7.5V. 
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LM109/LM309 




LM109/LM309 
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TOTAL NOISE faV RMS) 






LM109/LM309 


Typical Applications 


Fixed 5V Regulator 



•Required if regulator is located more than 4" from power supply filter ca- 
pacitor. 

tAlthough no output capacitor is needed for stability, it does improve tran- 
sient response. 

C2 should be used whenever long wires are used to connect to the load, or 
when transient response is critical. 

Note: Pin 3 electrically connected to case. 


Adjustable Output Regulator 



High Stability Regulator* 

ci + 


2.2 /uF 



tSolid tantalum. 


TL/H/7138-5 


Current Regulator 


ct 

0 22 


r 

i 


LM109 


-OUTPUT 


•Determines output current. If wirewound resistor is used, bypass with 0.1 juF. 


TL/H/7138-6 
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National 
Semiconductor 

LM 1 1 7A/LM 1 1 7/LM3 1 7A/LM31 7 
3-Terminal Adjustable Regulator 


General Description 

The LM117 series of adjustable 3-terminal positive voltage 
regulators is capable of supplying in excess of 1 .5A over a 
1.2V to 37V output range. They are exceptionally easy to 
use and require only two external resistors to set the output 
voltage. Further, both line and load regulation are better 
than standard fixed regulators. Also, the LM1 1 7 is packaged 
in standard transistor packages which are easily mounted 
and handled. 

In addition to higher performance than fixed regulators, the 
LM1 1 7 series offers full overload protection available only in 
IC’s. Included on the chip are current limit, thermal overload 
protection and safe area protection. All overload protection 
circuitry remains fully functional even if the adjustment ter- 
minal is disconnected. 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejection ratios which are difficult to achieve with stan- 
dard 3-terminal regulators. 

Besides replacing fixed regulators, the LM1 17 is useful in a 
wide variety of other applications. Since the regulator is 
"floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input to output differential is not ex- 
ceeded, i.e., avoid short-circuiting the output. 

Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment pin and output, the 
LM117 can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1 ,2V where most loads draw little current. 


The LM1 17 series devices with a "K” suffix are packaged in 
standard TO-3 transistor packages, while those with an "H” 
suffix are in a solid Kovar-base TO-39 transistor package. 
The LM117A and LM117 are rated for operation from 
-55°C to + 150°C, the LM317A from -40°C to +125°C, 
and the LM317 from 0°C to + 125°C. The LM317AT and the 
LM317T are available in a TO-220 plastic package and the 
LM317MP in a TO-202 plastic package. 

For applications requiring greater output current, see LM1 50 
series (3 A) and LM138 series (5A) data sheets. For the neg- 
ative complement, see LM137 series data sheet. 


LM1 17 Series Packages and Power Capability 


Part Number 
Suffix 

Package 

Rated 

Power 

Dissipation 

Design 

Load 

Current 

K 

TO-3 

20W 

1.5A 

H 

TO-39 

2W 

0.5A 

T 

TO-220 

20W 

1.5A 

MP 

TO-202 

2W 

0.5A 


Features 

■ Guaranteed 1 % output voltage tolerance 
(LM117A, LM317A) 

■ Guaranteed max. 0.01 %/V line regulation 
(LM117A, LM317A) 

■ Guaranteed max. 0.3% load regulation 
(LM117A, LM117) 

■ Guaranteed 1 .5A output current 
n Adjustable output down to 1 .2V 

■ Current limit constant with temperature 
b 100% electrical burn-in 

B 80 dB ripple rejection 
b Output is short-circuit protected 


Typical Applications 


1.2V-25V Adjustable Regulator 



Full output current not available at high input-output voltages 
* Needed if device is more than 6 inches from filter capacitors. 
tOptional— improves transient response. Output capacitors in the range of 
1 juF to 1000 ix F of aluminum or tantalum electrolytic are commonly used 
to provide improved output impedance and rejection of transients. 

tfVour = 1.25V (l + 25) + IadjIRs) 


Digitally Selected Outputs 



•Sets maximum Vqut 


TL/H/9063-2 
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LM117A/LM117/LM317A/LM317 




LM 1 1 7A/LM 1 1 7/LM3 1 7A/LM31 7 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Power Dissipation Internally Limited 

Input-Output Voltage Differential + 40V, - 0.3V 

Storage T emperature - 65°C to + 1 50°C 

Lead Temperature 

Metal Package (Soldering, 1 0 seconds) 300°C 

Plastic Package (Soldering, 4 seconds) 260°C 

ESD Tolerance (Note 5) 3 kV 


Operating Temperature Range 


LM1 17A/LM1 17 

LM317A 

LM317 

Preconditioning 

Thermal Limit Burn-In 


— 55°C£Tj<; + 1 50°C 
-40°C^Tj <; +125°C 
o°c<;Tj<; +i25°c 


All Devices 100% 


Electrical Characteristics 

Specifications with standard type face are for Tj = 25°C, and those with boldface type apply over full Operating Tempera- 
ture Range. Unless otherwise specified, Vin - Vout = 5V, and Iqut = 10 mA. (Note 3) 


Parameter 

Conditions 


LM117 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Reference Voltage 


1.238 

1.250 

mm 




V 


3V <; (V| N - Vout) * 40V, 

10 mA ^ loUT £ ImAX. P £ Pmax 

1.225 

1.250 



IB 


V 

Line Regulation 

3V £ (V| N - Vout) ^ 40V (Note 4) 


0.005 



BMI 


%/v 




O.OI 

0.02 


0.02 


%/v 

Load Regulation 

10 mA ^ Iout ^ Imax (Note 4) 


0.1 

0.3 


EH 


% 




0.3 

1 


ESI 

i 

% 

Thermal Regulation 

20 ms Pulse 


0.03 



8E5 


%/w 

Adjustment Pin Current 



50 





juA 

Adjustment Pin Current Change 

10 mA ^ Iout ^ Imax 

3V <; (V| N - Vout) * 40V 


0.2 

5 




juA 

Temperature Stability 

TmIN ^ Tj ^ TmaX 


1 



i 


% 

Minimum Load Current 

(V| N - Vout) = 40V 


3.5 

5 


3.5 

5 


Current Limit 

(V| N - Vout) * 15V 









K Package 

1.5 

2.2 

3.4 

1.5 

2.2 

3.4 

A 


H Package 

0.5 

0.8 

1.8 

0.5 

0.8 

1.8 

A 


(V in - Vout) = 40V 









K Package 

0.3 

0.4 


0.3 

0.4 


A 


H Package 

0.15 

0.2 


0.15 

0.2 


A 

RMS Output Noise, % of Vout 

lOHz^f ^ 10kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

V 0 ut= 10V, f = 120 Hz, 

Cadj = 0 /xF 


65 



65 


dB 


Vout = iov,f = 120 Hz, 

Cadj = lOftF 

66 

80 


66 

80 


dB 

Long-Term Stability 

Tj = 125°C, lOOOhrs 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, 

K Package 


2.3 

3 


2.3 

3 

°C/W 

Junction-to-Case 

H Package 


12 

15 


12 

15 

°c/w 

Thermal Resistance, Junction- 

K Package 


35 



35 


°c/w 

to-Ambient (No Heat Sink) 

H Package 


140 



140 


°c/w 
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Electrical Characteristics (Continued) 

Specifications with standard type face are for Tj = 25°C, and those with boldface type apply over full Operating Tempera- 
ture Range. Unless otherwise specified, Vin - Vout = 5V, and Iqut = 10 nnA. (Note 3) 


Parameter 

Conditions 

LM317A 

LM317 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Reference Voltage 


1.238 

1.250 

1.262 




V 


3V <; (V| N - Vout) £ 40V, 

10 mA <; Iout ^ Imax. P ^ Pmax 







V 

Line Regulation 

3V <; (Vim - V 0 ut) ^ 40V (Note 4) 







%/v 




O.OI 

0.02 




%/v 

Load Regulation 

10 mA £ Iout ^ Imax (Note 4) 


0.1 

0.5 


0.1 

0.5 

% 




0.3 

1 


0.3 

1.5 

% 

Thermal Regulation 

20 ms Pulse 


0.04 

0.07 


0.04 

0.07 

%/w 

Adjustment Pin Current 



50 

100 


50 

100 

fxA 

Adjustment Pin Current Change 

10 mA ^ Iout ^ >max 

3V <; (V| N - Vqut) £ 40V 


0.2 

5 


0.2 

5 

ju,A 

Temperature Stability 

T M IN ^ Tj ^ TmaX 


1 



1 


% 

Minimum Load Current 

(V in - Vqut) = 40 v 


3.5 

10 


3.5 

10 

mA 

Current Limit 

(Vin - Vout) * 15V 









K and T Package 

1.5 

2.2 

3.4 

1.5 

2.2 

3.4 

A 


H Package 

0.5 

0.8 

1.8 

0.5 

0.8 

1.8 

A 


P Package 




0.5 

0.8 

1.8 

A 


(Vin - Vout) = 40V 









K and T Package 

0.15 

0.4 


0.15 

0.4 


A 


H Package 

0.075 

0.2 


0.075 

0.2 


A 


P Package 




0.075 

0.2 


A 

RMS Output Noise, % of Vout 

10 Hz <£f <; 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

Vout = iov,f = 120 Hz, 

C ADJ = 0 fiF 


65 



65 


dB 


Vout = iov,f = 120 Hz, 

Cadj = 10 

66 

80 


66 

80 


dB 

Long-Term Stability 

Tj = 125°C, 1000 hrs 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction- 

K Package 


2.3 

3 


2.3 

3 

°C/W 

to-Case 

H Package 


12 

15 


12 

15 

°c/w 


T Package 


4 

5 


4 


°c/w 


P Package 





7 


°c/w 

Thermal Resistance, Junction- 

K Package 


35 



35 


°c/w 

to-Ambient (No Heat Sink) 

H Package 


140 



140 


°c/w 


T Package 


50 



50 


°c/w 


P Package 





80 


°c/w 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 


Note 2: Refer to RETS1 1 7AH drawing for the LM1 1 7 AH, the RETS11 7H drawing for the LM1 1 7H, the RETS1 1 7AK drawing for the LM1 1 7AK, or the RETS1 1 7K for 
the LM117K military specifications. 

Note 3: Although power dissipation is internally limited, these specifications are applicable for maximum power dissipations of 2W for the TO-39 and TO-202, and 
20W for the TO-3 and TO-220. I^ax is 1.5A for the TO-3 and TO-220 packages and 0.5A for the TO-39 and TO-202 packages. All limits (i.e., the numbers in the 
Min. and Max. columns) are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 4: Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specifications for thermal regulation. 

Note 5: Human body model, 100 pF discharged through a 1.5 kn resistor. 
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LM117A/LM117/LM317A/LM317 







FREQUENCY (Hz) 

TIME (ps) 

TIME (A4S) 



TL/H/9063-4 








Application Hints 

In operation, the LM117 develops a nominal 1.25V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current li then flows through the output set resistor R2, giv- 
ing an output voltage of 

VoUT = Vref (l + “^) + IadjR2 


LM117 



Since the 100 juA current from the adjustment terminal rep- 
resents an error term, the LM1 17 was designed to minimize 
Iadj a nd make it very constant with line and load changes. 
To do this, all quiescent operating current is returned to the 
output establishing a minimum load current requirement. If 
there is insufficient load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 /xF disc 
or 1 juF solid tantalum on the input is suitable input bypass- 
ing for almost all applications. The device is more sensitive 
to the absence of input bypassing when adjustment or out- 
put capacitors are used but the above values will eliminate 
the possibility of problems. 

The adjustment terminal can be bypassed to ground on the 
LM117 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10 juF bypass capacitor 80 dB ripple re- 
jection is obtainable at any output level. Increases over 
10 julF do not appreciably improve the ripple rejection at 
frequencies above 1 20 Hz. If the bypass capacitor is used, it 
is sometimes necessary to include protection diodes to pre- 
vent the capacitor from discharging through internal low cur- 
rent paths and damaging the device. 

In general, the best type of capacitors to use is solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 ju,F in aluminum electrolytic to equal 1 /xF 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies; but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, 0.01 juF disc may seem to work better than 
a 0.1 ju,F disc as a bypass. 

Although the LM1 17 is stable with no output capacitors, like 
any feedback circuit, certain values of external capacitance 
can cause excessive ringing. This occurs with values be- 


tween 500 pF and 5000 pF. A 1 jllF solid tantalum (or 25 /xF 
aluminum electrolytic) on the output swamps this effect and 
insures stability. Any increase of the load capacitance larger 
than 10 /xF will merely improve the loop stability and output 
impedance. 

Load Regulation 

The LM1 17 is capable of providing extremely good load reg- 
ulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240(1) should be tied directly to the output (case) of the 
regulator rather than near the load. This eliminates line 
drops from appearing effectively in series with the reference 
and degrading regulation. For example, a 15V regulator with 
0.05(1 resistance between the regulator and load will have a 
load regulation due to line resistance of 0.05(1 X l[_. If the 
set resistor is connected near the load the effective line 
resistance will be 0.05(1 (1 + R2/R1) or in this case, 11.5 
times worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240(1 set resistor. 


LM117 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 

With the TO-3 package, it is easy to minimize the resistance 
from the case to the set resistor, by using two separate 
leads to the case. However, with the TO-5 package, care 
should be taken to minimize the wire length of the output 
lead. The ground of R2 can be returned near the ground of 
the load to provide remote ground sensing and improve 
load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 10 /xF capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there is enough energy to 
damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of Vin- In the LM117, this 
discharge path is through a large junction that is able to 
sustain 1 5A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 25 jaF 
or less, there is no need to use diodes. 
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LM117A/LM117/LM317A/LM317 


Application Hints (Continued) 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM117 is a 50H resistor which limits the peak discharge 


current. No protection is needed for output voltages of 25V 
or less and 10 jaF capacitance. Figure 3 shows an LM117 
with protection diodes included for use with outputs greater 
than 25V and high values of output capacitance. 


01 

1N4002 



FIGURE 3. Regulator with Protection Diodes 


VoUT ~ 1.25V ^1 + + UdjR2 

D1 protects against Cl 
D2 protects against C2 


TL/H/9063-7 


Schematic Diagram 
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Typical Applications (Continued) 

5V Logic Regulator with Electronic Shutdown’" 

LM117 


Slow Turn-On 15V Regulator 

LM117 



-TTL 


‘Min. output ~ 1.2V 



Adjustable Regulator with Improved 
Ripple Rejection 

LM117 


High Stability 10V Regulator 
LM117 



‘Discharges Cl if output is shorted to ground 


TL/H/9063-10 



High Current Adjustable Regulator 
3-LM195'S IN PARALLEL 


Vm 



‘Minimum load current = 30 mA 
^Optional — improves ripple rejection 
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LM117A/LM117/LM317A/LM317 


Typical Applications (Continued) 


0 to 30V Regulator 


Power Follower 


LM117 



10V-40V 



TL/H/9063-14 


5A Constant Voltage/Constant Current Regulator 

MJ4502 



tSolid tantalum TL/H/9063-15 

* Lights in constant current mode 
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Typical Applications (Continued) 


1A Current Regulator 


LM117 



1.2V-20V Regulator with 
Minimum Program Current 


LM117 



High Gain Amplifier 



Low Cost 3A Switching Regulator 



•Core— Arnold A-254168-2 60 turns 


4A Switching Regulator with Overload Protection 


3-LMI95 IN PARALLEL 



Precision Current Limiter 


V|N 


*0.8X2 < R1 < 120X2 
TL/H/9063-21 
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Typical Applications (Continued) 


V|N 


Tracking Preregulator 


R2 

720 



TL/H/9063-22 


Current Limited Voltage Regulator 



(Compared to LM117’s higher current limit) 

-At 50 mA output only % volt of drop occurs in R 3 and R 4 


TL/H/9063-23 


Adjusting Multiple On-Card Regulators with Single Control* 


V IN v 0UT 

ADJ 


V IN v 0UT 

ADJ 



4 

4 

« 

» R1 
' 120 




1 

< 

1 

k 

L" 



v, N v 0UT I — v 0UT t 

aoj 1 


J 


*AII outputs within ± 100 mV 
tMinimum load— 10 mA 


TL/H/9063-24 






Typical Applications (Continued) 

AC Voltage Regulator 

LM317 



TL/H/9063-25 


12V Battery Charger 



Use of Rs allows low charging rates with fully charged battery. 


50 mA Constant Current Battery Charger 

LM317 

r 

V| N - 


V IN VoutI— WV- 

AOJ 


24 


TL/H/9063-27 


Adjustable 4A Regulator 


V| N 



TL/H/9063-28 


’Sets peak current (0.6A for 1 ft) 

'*The 1000 juF is recommended to filter out input 
transients 


Current Limited 6V Charger 


LM317 



TL/H/9063-29 
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LM 1 1 7A/LM1 1 7/LM31 7A/LM31 7 


Connection Diagrams (See Physical Dimension section for further information) 


(TO-3) 

Metal Can Package 



Steel Packages 

Order Number LM117AK STEEL, LM117K STEEL, 
LM317AK STEEL or LM317K STEEL 
See NS Package Number K02A 

Aluminum Packages 
Order Number LM317AKC or LM317KC 
See NS Package Number KC02A 



CASE IS OUTPUT 

Bottom View 


TL/H/9063-31 


Order Number LM117AH, LM117H, LM317AH or LM317H 
See NS Package Number H03A 


(TO-220) 
Plastic Package 



TL/H/9063-32 

Front View 

Order Number LM317AT or LM317T 
See NS Package Number T03B 


(TO-202) 
Plastic Package 



Front View 

Order Number LM317MP 
See NS Package Number P03A 
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National 

Semiconductor 


LM1 17HV/LM317HV 3-Terminal Adjustable Regulator 


General Description 

The LM1 1 7HV/LM31 7HV are adjustable 3-terminal positive 
voltage regulators capable of supplying in excess of 1 .5A 
over a 1.2V to 57V output range. They are exceptionally 
easy to use and require only two external resistors to set the 
output voltage. Further, both line and load regulation are 
better than standard fixed regulators. Also, the LM1 17HV is 
packaged in standard transistor packages which are easily 
mounted and handled. 

In addition to higher performance than fixed regulators, the 
LM117HV series offers full overload protection available 
only in IC’s. Included on the chip are current limit, thermal 
overload protection and safe area protection. All overload 
protection circuitry remains fully functional even if the ad- 
justment terminal is disconnected. 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejections ratios which are difficult to achieve with 
standard 3-terminal regulators. 

Besides replacing fixed regulators, the LM1 17HV is useful in 
a wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input to output differential is not ex- 
ceeded, i.e. do not short the output to ground. 


Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment and output, the 
LM117HV can be used as a precision current regulator. 
Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground which programs 
the output to 1 .2 V where most loads draw little current. 

The LM117HVK STEEL, and LM317HVK STEEL are pack- 
aged in standard TO-3 transistor packages while the 
LM1 17HVH, and LM317HVH are packaged in a solid Kovar 
base TO-39 transistor package. The LM117HV is rated for 
operation from -55°C to +150°C, and the LM317HV from 
0°C to +125°C. 

Features 

B Adjustable output down to 1 .2V 
a Guaranteed 1 .5A output current 
a Line regulation typically 0.01 %/V 
b Load regulation typically 0.1% 
b Current limit constant with temperature 
b 100% electrical burn-in 
B Eliminates the need to stock many voltages 
b Standard 3-lead transistor package 
b 80 dB ripple rejection 
□ Output is short-circuit protected 


Typical Applications 


1.2V-45V Adjustable Regulator 


LM117HV 



Full output current not available 
at high input-output voltages 
tOptional— improves transient response. Output 
capacitors in the range of 1 ju,F to 1000 jxF of 
aluminum or tantalum electrolytic are commonly 
used to provide improved output impedance and 
rejection of transients. 

‘Needed if device is more than 6 inches from 
filter capacitors. 

ttVouT = 1-25V ^1 + + IadJ R2 


Digitally Selected Outputs 


LM117HV 



5V Logic Regulator with 
Electronic Shutdown* 


LM117HV 



1-57 


LM117HV/LM317HV 




LM117HV/LM317HV 


Absolute Maximum Ratings 








If Military /Aerospace specified devices are required, Storage Temperature 




— 65°C to 

+ 1 50°C 

please contact the National Semiconductor Sates Lead Temperature (Soldering. 10 sec.) 



300°C 

Office/Distributors for availability and specifications. Preconditioning Burn-In in 







(Note 3) 

Thermal Limit 




100% All 

Devices 

Power Dissipation 

Internally limited ESD Tolerance (Note 4) 





2000V 

Input— Output Voltage Differential 

+ 60V, -0.3V 








Operating Junction Temperature Range 








LM117HV 

— 55°C to + 1 50°C 








LM317HV 

0°C to + 1 25°C 








Electrical Characteristics (Note i> 








Parameter 

Conditions 



Units 








eg 


EM 

eg 





Line Regulation 

Tj = 25°C, 3V <; V| N - Vqut £ 60V 
(Note 2) l[_ = 10 mA 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Tj = 25°C, 10 mA ^ Iqut ^ •max 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Tj = 25°C, 20 ms Pulse 



HQJj 


0.04 

0.07 

%/W 

Adjustment Pin Current 






50 


jaA 

Adjustment Pin Current Change 

10 mA £ l L £ Imax 

3.0 v ^(V,N- Vout) ^ 60V 


0.2 

5 


0.2 

5 

jliA 

Reference Voltage 

3.0 V ^ (V| N - Vout) ^ 60V, (Note 3) 

10 mA ^ Iqut ^ *max. P ^ Pmax 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 

Line Regulation 

3.0V ^ (V| N - Vout) £ 60V, l L = 10 mA, (Note 2) 





0.02 

0.07 

%/M 

Load Regulation 

10 mA S l 0UT S l MAX (Note 2) 


BUI 

D 


0.3 

1.5 

% 

Temperature Stability 

TmIN ^ Tj ^ TmaX 


i 



1 


% 

Minimum Load Current 

(V| N - Vout) = eov 


QH 

D 


3.5 

12 

mA 

Current Limit 

(Vin - Vout) ^ 15V 









K Package 

1.5 

2.2 

3.5 

1.5 

2.2 

3.7 

A 


H Package 
(Vin - Vout) ^ 60V 

0.5 

0.8 

1.8 

0.5 

0.8 

1.9 

A 


K Package 


0.1 



0.1 


A 


H Package 


0.03 



0.03 


A 

RMS Output Noise, % of Vout 

Tj = 25°C, 10Hz ^f^ 10kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

Vout = iov,f = 120 Hz 


65 



65 


dB 


Cadj = 10 

66 

80 


66 

80 


dB 

Long-Term Stability 

Tj = 125°C 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction to Case 

H Package 


12 

15 


12 

15 

°C/W 


K Package 


2.3 

3 


2.3 

3 

°c/w 


H Package 

■ 


■ 

■ 


II 

EBM 


K Package 

1 



■ 



BWvl 

Note 1: Unless otherwise specified, these specifications apply: -55°C £ Tj £ + 150°C for the LM117HV, and 0°C ^ Tj £ +125°Cforthe LM317HV; Vin - Vqut 
= 5V and Iqut = 0.1 A for the TO-39 package and Iqut = 0.5A for the TO-3 package. Although power dissipation is internally limited, these specifications are 

applicable for power dissipations of 2W for the TO-39 and 20W for the TO-3. Imax is 1-5A for the TO-3 and 0.5A for the TO-39 package. 




Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. Pulse I 

testing with low duty cycle is used. 









Note 3: Refer to RETS117HVH for LM117HVH or RETS117HVK for LM117HVK military specifications. 

Note 4: Human body model, 1.5 kn in series with 100 pF. 
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Typical Performance Characteristics (K Package) 


Load Regulation 



-75 -50 -25 0 25 50 75 100 125 150 


TEMPERATURE ( 0 


Current Limit 



INPUT/OUTPUT DIFFERENTIAL (V) 


Adjustment Current 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE ( C) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE ( 0 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE ( C> 


Minimum Operating Current 



0 10 20 30 40 


INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 




_ — ! 1 

C ADJ = 10 ^ F 

— 1 1 " 



N 


— 1 

1 

*DJ = 

f— 

0 










V| 

•l 

N-Vc 
= 500 

UT = 
mA 

>V 




f = 120 Hz 

Tj = 25C 
1 1 

r 





0 5 10 15 20 25 30 35 


Ripple Rejection 



10 100 Ik 10k 100k 1M 


OUTPUT VOLTAGE (V) 


FREQUENCV (Hz) 


Ripple Rejection 



0.01 0.1 1 10 
OUTPUT CURRENT (A) 



Output Impedance 


10 1 




FREQUENCY (Hz) 


Line Transient Response 





n 

i m j 


A_ 


-c 

= 

1 \ 

HOJ 

IUa 

ir 


h 

L = 0;C; 

1DJ “ ® 




L Vniir 

r i 

10V 



\/ 



1 l L “= W 50mA 




I 



T i 

= 25 

c 






















r 









t 




0 10 20 30 40 

TIME M 


Load Transient Response 



TIME (aii) 


TL/H/9062-4 
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LM117HV/LM317HV 



LM117HV/LM317HV 


Application Hints 

In operation, the LM1 17HV develops a nominal 1 .25 V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current li then flows through the output set resistor R2, giv- 
ing an output voltage of 

Vqut = Vref (i + + IadjR2 


LM117HV 



FIGURE 1 


Since the 100 ju,A current from the adjustment terminal rep- 
resents an error term, the LM117HV was designed to mini- 
mize Iadj and make it very constant with line and load 
changes. To do this, all quiescent operating current is re- 
turned to the output establishing a minimum load current 
requirement. If there is insufficient load on the output, the 
output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 juF disc 
or 1 juF solid tantalum on the input is suitable input bypass- 
ing for almost all applications. The device is more sensitive 
to the absence of input bypassing when adjustment or out- 
put capacitors are used but the above values will eliminate 
the possiblity of problems. 

The adjustment terminal can be bypassed to ground on the 
LM1 17HV to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10 jaF bypass capacitor 80 dB ripple re- 
jection is obtainable at any output level. Increases over 10 
juF do not appreciably improve the ripple rejection at fre- 
quencies above 1 20 Hz. If the bypass capacitor is used, it is 
sometimes necessary to include protection diodes to pre- 
vent the capacitor from discharging through internal low cur- 
rent paths and damaging the device. 

In general, the best type of capacitors to use are solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 juF in aluminum electrolytic to equal 1 juF 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies; but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, 0.01 jaF disc may seem to work better than 
a 0.1 jaF disc as a bypass. 

Although the LM117HV is stable with no output capacitors, 
like any feedback circuit, certain values of external capaci- 


tance can cause excessive ringing. This occurs with values 
between 500 pF and 5000 pF. A 1 jaF solid tantalum (or 25 
julF aluminum electrolytic) on the output swamps this effect 
and insures stability. Any increase of load capacitance larg- 
er than 10 juF will merely improve the loop stability and 
output impedance. 

Load Regulation 

The LM1 17HV is capable of providing extremely good load 
regulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240(1) should be tied directly to the output of the regula- 
tor rather than near the load. This eliminates line drops from 
appearing effectively in series with the reference and de- 
grading regulation. For example, a 15V regulator with 0.05(1 
resistance between the regulator and load will have a load 
regulation due to line resistance of 0.05(1 X l[_. If the set 
resistor is connected near the load the effective line resist- 
ance will be 0.05(1 (1 + R2/R1) or in this case, 11.5 times 
worse. 

Figura 2 shows the effect of resistance between the regula- 
tor and 240(1 set resistor. 


LM117HV 



FIGURE 2. Regulator with Line 
Resistance in Output Lead 


With the TO-3 package, it is easy to minimize the resistance 
from the case to the set resistor, by using two separate 
leads to the case. However, with the TO-5 package, care 
should be taken to minimize the wire length of the output 
lead. The ground of R2 can be returned near the ground of 
the load to provide remote ground sensing and improve 
load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 10 /utF capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there is enough energy to 
damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of Vim- In the LM1 17HV, this 
discharge path is through a large junction that is able to 
sustain 1 5A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 25 juF 
or less, there is no need to use diodes. 
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The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM117HV is a 50H resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25V 
or less and 10 juF capacitance. Figure 3 shows an 
LM117HV with protection diodes included for use with out- 
puts greater than 25 V and high values of output capaci- 
tance. 


V 0UT = 1.25V (l+ 5S) +I AD jR2 

D1 protects against Cl 
D2 protects against C2 

Schematic Diagram 



D1 

1N4002 



FIGURE 3. Regulator with Protection Diodes 
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LM117HV/LM317HV 




LM117HV/LM317HV 



Typical Applications (Continued) 


Slow Turn-On 15V Regulator 

LM117HV 



TL/H/9062-9 


High Stability 10V Regulator 


LM117HV 



TL/H/9062-11 


0 to 30V Regulator 

LM117HV 



TL/H/9062-13 

Full output current not available 
at high input-output voltages 


Adjustable Regulator with Improved 


Ripple Rejection 

LM117HV 



TL/H/9062-10 

tSolid tantalum 

♦Discharges Cl if output is shorted to ground 



TL/H/9062-12 

tSolid tantalum 

♦Minimum load current = 30 mA 
^Optional— improves ripple rejection 


Power Follower 


10V-40V 



TL/H/9062-14 



1-62 





Typical Applications (Continued) 


5A Constant Voltage/Constant Current Regulator 

MJ4502 



TL/H/9062-15 


1A Current Regulator 

LM317HV 



TL/H/9062-16 


1.2V-20 V Regulator with 
Minimum Program Current 


LM117HV 



TL/H/9062-17 


* Minimum load current = 4 mA 



LM 1 1 7HV/LM31 7HV 


Typical Applications (Continued) 

High Gain Amplifier 



Low Cost 3A Switching Regulator 



tSolid tantalum TL/H/9062-19 

’Core — Arnold A-254168-2 60 turns 


4A Switching Regulator with Overload Protection 


3-LM195 IN PARALLEL 



tSolid tantalum TL/H/9062-20 

’Core— Arnold A-254168-2 60 turns 


Precision Current Limiter 



TL/H/9062-21 

’0.8ft £ R1 ^ 120ft 


Tracking Preregulator 


R2 

720 



Adjustable Multiple On-Card Regulators 
with Single Control* 


LM117HV LM117HV LM117HV 



TL/H/9062-23 
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Typical Applications (Continued) 


AC Voltage Regulator 

LM317HV 



TL/H/9062-24 


12V Battery Charger 


1000 /uF 



TL/H/9062-25 


*Rs— sets output impedance of charger Zout = Rs (l + 

Use of Rs allows low charging rates with fully charged battery. 
*The 1000 juF is recommended to filter out input transients 


50 mA Constant Current Battery Charger 

LM317HV 

24 


VlN- 


r in v 0UT|—^WV- 

ADJ 


TL/H/9062-26 


Adjustable 4A Regulator 

LM317HV 



Current Limited 6V Charger 

LM317HV 



"Sets peak current (0.6A for 1ft) 

'*The 1000 jxF is recommended to filter out input transients 
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LM1 17HV/LM317HV 








LM1 17HV/LM317HV 


Connection Diagrams (See Physical Dimension section for further information) 


(TO-3 Steel) 
Metal Can Package 



TL/H/9062-29 

Case is Output 
Bottom View 

Order Number LM117HVK STEEL, 
LM317HVK STEEL 
See NS Package Number K02A 



Case is Output 
Bottom View 

Order Number LM117HVH, 
or LM317HVH 

See NS Package Number H03A 


TL/H/9062-30 
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National 

Semiconductor 


LM120/LM320 

Series 3-Terminal Negative Regulators 


General Description 

The LM120 series are three-terminal negative regulators 
with a fixed output voltage of —5V, -12V, and -15V, and 
up to 1 .5A load current capability. Where other voltages are 
required, the LM137 and LM137HV series provide an output 
voltage range of -1.2V to -47V. 

The LM120 need only one external component— a compen- 
sation capacitor at the output, making them easy to apply. 
Worst case guarantees on output voltage deviation due to 
any combination of line, load or temperature variation as- 
sure satisfactory system operation. 

Exceptional effort has been made to make the LM120 Se- 
ries immune to overload conditions. The regulators have 
current limiting which is independent of temperature, com- 
bined with thermal overload protection. Internal current limit- 
ing protects against momentary faults while thermal shut- 
down prevents junction temperatures from exceeding safe 
limits during prolonged overloads. 

Although primarily intended for fixed output voltage applica- 
tions, the LM120 Series may be programmed for higher out- 
put voltages with a simple resistive divider. The low quies- 
cent drain current of the devices allows this technique to be 
used with good regulation. 


Features 

■ Preset output voltage error less than ±3% 

■ Preset current limit 

■ Internal thermal shutdown 

■ Operates with input-output voltage differential down to 
IV 

■ Excellent ripple rejection 

■ Low temperature drift 

■ Easily adjustable to higher output voltage 


LM120 Series Packages and Power Capability 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Load 

Current 

LM120/LM320 

TO-3 (K) 

20W 

1.5A 

TO-39 (H) 

2W 

0.5A 

LM320 

TO-220 (T) 

15W 

1.5A 

LM320M 

TO-202 (P) 

7.5W 

0.5A 


Typical Applications 


Dual Trimmed Supply 



Fixed Regulator 


rz tr 

■ “p 

Cl* 

2.2/jF 

r 

Htc2t 

,T" F 

INPUT O' 1 3 -| 

1 ... 

rn 

1 2 1 - 

| LM1Z0 | 

r-#— O OUTPUT 


TL/H/7767-2 

"Required if regulator is separated from filter capacitor by more than 3" . For 
value given, capacitor must be solid tantalum. 25 /mF aluminum electrolytic 
may be substituted. 

t Required for stability. For value given, capacitor must be solid tantalum. 25 
juF aluminum electrolytic may substituted. Values given may be Increased 
without limit. 

For output capacitance in excess of 100 ju,F, a high current diode from 
input to output (1N4001, etc.) will protect the regulator from momentary 
input shorts. 
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LM120/LM320 
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LM120/LM320 


— 5 Volt Regulators (Note 3) 

Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 5) 

Power Dissipation Internally Limited 

Input Voltage —25V 

Electrical Characteristics 




| Metal Can Package 

| Power Plastic Package 


Order Numbers 

LM120K-5.0 

LM320K-5.0 

LM120H-5.0 

LM320H-5.0 

LM320T-5.0 

LM320MP-5.0 




(TO-3) 

(TO-3) 

(TO-39) 

(TO-39) 

(TO-220) 

(TO-202) 

Units 

Design Output Current (Iq) 


1.5 A 


1.5 A 


0.5A 



0.5A 



1.5A 


0.5A 


Device Dissipation (Pd) 


20W 



20W 



2W 



2W 



15W 



7.5W 


Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Output Voltage 

Tj = 25°C, V iN =10V, 

•load = 5 mA 

-5.1 


-4.9 

-5.2 

~5 

-4.8 

-5.1 


-4.9 

-5.2 

—5 

A ^ ; 

-4.8 

-5.2 

~5 

-4.8 

-5.2 

Ji] 

-4.8 

V 

Line Regulation 

Tj = 25°C, Iload = 5 mA . 

VMIN ^ V| N ^ V M AX 


10 

25 


■■m 

40 


■m 

25 


■ V 

40 



40 


10 

40 

mV 

Input Voltage 


-25 


-7 

-25 


-7 

-25 


-7 

--25 


-7 

-25 


-7.5 

-25 


-7.5 

V 

Ripple Rejection 

f = 120 Hz 

54 

64 


54 

64 


54 

64 


54 

64 


54 

64 


54 

64 


dB 

Load Regulation, 

(Note 2) 

Tj = 25°C, V| N = 10V, 

5 mA < Iload ^ Id 


50 

75 


60 

100 


30 

50 


30 

50 


50 

100 


40 

100 

mV 

Output Voltage, 

(Note 1) 

-7.5V ^ V| N <: Vmax. 

5 mA < Iload ^ Id. P ^ Pd 

-5.20 


-4.80 

-5.25 


-4.75 

-5.20 


-4.80 

-5.25 


-4.75 

-5.25 


-4.75 

-5.25 

; -5 

-4.75 

V 

Quiescent Current 

Vmin ^ V| N ^ v MAX 


y : 

2 


1 

2 


iM 

2 



2 


1 

2 


1 

2 

mA 

Quiescent Current 

Tj = 25°C 




















Change 

Vmin ^ V| N ^ V M ax 


0.1 

0.4 


0.1 

0.4 


0.05 

0.4 


0.05 

0.4 


at 

0.4 


0.05 

0.3 

mA 


5 mA < Iload ^ Id 


0.1 

0.4 


0.1 

0.4 


0.04 

0.4 


0.04 

0.4 


0.1 

0.4 


0.04 

0.25 

mA 

Output Noise Voltage 

T a = 25°C, Cl = 1 ju-F, II = 5 mA, 
V| N = 10V, 10 Hz <f<; 100 kHz 


150 



150 



lit 



150 



150 



150 


pv 

Long Term Stability 



5 

50 


5 

50 


5 

50 


;5 

50 


10 



Sll 


mV 

Thermal Resistance 





















Junction to Case 




3 



3 



Note 4 



Note 4 


4 



12 


°C/W 

Junction to Ambient 




35 



35 



Note 4 



Note 4 


t SO 



70 


°C/W 


Note 1: This specification applies over — 55°C ^ Tj ^ +150°C for the LM120 and 0°C < Tj ^ +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty cycle, pulse testing is 
used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifications apply only up to Pd- 
Note 3: For -5V 3 amp regulators, see LM145 data sheet 

Note 4: Thermal resistance of typically 85°C/W (in 400 linear feet air flow), 224°C/W (in static air) junction to ambient of typically 21°C/W junction to case. 

Note 5: Refer to RETS120-5H drawing for LM120H-5.0 or RETS120-5K drawing for LM120-5K military specifications. 


Input-Output Voltage Differential 25V 

Junction Temperatures See Note 1 

Storage T emperature Range — 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 

Plastic 260°C 




g Input Voltage 
Ripple Rejection 

Load Regulation, 
(Note 2) 

Output Voltage, 
(Note 1) 


-32 


f = 120 Hz 

Tj = 25°C, V| N = 17V, 

5 mA ^ Iload ^ Ip 

14.5V ^ V| N ^ Vmax. 

5 mA < Iload ^ *p» p £ Pd 


-14 

-32 


-14 

-32 


-14 

-32 


-14 

-32 


-14.5 -32 

j 

-14.5 

V 

80 

56 

80 


56 

80 


56 

80 


56 

80 

56 

80 


dB 

30 80 


30 

80 


10 

25 


10 

40 


30 

80 

40 

100 

mV 

-11.5 

-12.6 


-11.4 

-12.5 


-11.5 

-12.6 


-11.4 

-12.6 


-11.4 -12.6 


-11.4 

V 


Quiescent Current Vmin £ V|N £ Vmax 2 4 2 4 2 4 2 4 2 4 2 4 m/ 5 

Quiescent Current Tj = 25°C 

Change V M in ^ V iN <; V MA x 0,1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3 mfi 

5 mA ^ Iload < Ip 003 _0A 003 _04 ai__04 0.04 0.25 m P 

Output Noise Voltage = 25^C,C L = 1^1,.= 5 mA, 4Q0 400 400 400 400 4 00 ^ 

Long Term Stability 12__J20 12__I20 12__I20 _I20 24 24 mV 

Thermal Resistance 

Junction to Case 3 3 Note 3 Note 3 4 12 °C/\ 

Junction to Ambient 35 35 Note 3 Note 3 50 70 °C/\ 

Note 1: This specification applies over — 55°C ^ Tj ^ + 150°C for the LM120 and 0°C ^ Tj ^ + 125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty cycle, pulse testing is 
used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifications apply only up to Pd- 
Note 3: Thermal resistance of typically 85°C/W (in 400 linear feet/min air flow), 224°C/W (in static air) junction to ambient, of typically 21°C/W junction to case. 

Note 4: Refer to RETS120H-12 drawing for LM120H-12 or RETS120-12K drawing for LM120K-12 military specifications. 


ozewn/ozuAn 








1-70 


LM120/LM320 


- 15 Volt Regulators 
Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 4) 

Power Dissipation Internally Limited 

Input Voltage 

LM120/LM320 -40V 

LM320T/LM320MP -35V 


Electrical Characteristics 




I Metal Can Package 

| Power Plastic Package 


Order Numbers 

LM120K-15 

LM320K-15 

LM120H-15 

LM320H-15 

LM320T-15 

LM320MP-15 



: i 

(TO-3) 

(TO-3) 

(TO-39) 

(TO-39) | 

(TO-220) 

(TO-202) 

Units 

Design Output Current (Ip) 


1A 



1A 



0.2A 



0.2A 



1A 



0.5A 


Device Dissipation (Pd) 


20W 



20W 



2W 



2W 



15W 



7.5W 


Parameter 

Conditions (Note 1) 

Min 

tSp 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Output Voltage 

Tj = 25°C, V IN = 20V, 
l|_OAD = 5 m A 

-15.3 

-l£ 

-14.7 

-15.4 


-14.6 

-15.3 

-151 

-14.7 

-15.4 

“15 

-14.6 

-15.5 

-15 

-14.5 

-15.6 

—15 

-14.4 

V 

Line Regulation 

Tj = 25°C, IloAD = 5 mA, 

V MIN ^ V IN ^ V MAX 


' 

10 



20 



10 


5 

h * 

20 


n 

20 


5 

30 

mV 

Input Voltage 


-35 


-17 

-35 


-17 

-35 


-17 

-35 


-17 

-35 


-17.5 

-35 


-17.5 

V 

Ripple Rejection 

f = 120 Hz 

56 

80 


56 

80 


56 

'80 


56 

80 


56 

ftP 


56 

80 


dB 

Load Regulation, 

(Note 2) 

Tj = 25°C, V| N = 20V, 

5 mA < Iload ^ Id 


30 

80 


30 

80 


■;10 

25 



40 


30 

80 


40 

100 

mV 

Output Voltage, 

17.5V £ V| N < Vmax. 

-15.5 


-14.5 

-15.6 


-14.4 

-15.5 


-14.5 

-15.6 


-14.4 

-15.7 


-14.3 

-15.7 


-14.3 

V 

(Note 1) 

5 mA < Iload ^ Id> p ^ p D 







.. \ 




Quiescent Current 

Vmin ^ V IN ^ V MAX 


2 

4 



4 



4 


2 •• 

4 


2 

4 


2 

4 

mA 

Quiescent Current 
Change 

Tj = 25°C 

Vmin ^ v !N < v MAX 


0.1 

0.4 


0.1 

0.4 


0.05 

0.4 


0.05 

0.4 


0.1 

0.4 


0.05 

0.3 

mA 

5 mA < Iload ^ Id 


0.1 

0.4 


0.1 

0.4 


0.03 

0.4 


0.0S 

0.4 


0.1 

0.4 


0.04 

0.25 

mA 

Output Noise Voltage 

T a — 25°C, Cl — 1 juF, II = 5 mA, 
V iN = 20V, 10Hz<f < 100 kHz 


400 



400 



400 



400 



400 



400 


jaV 

Long Term Stability 



15 

150 


as 

150 



150 


'15 - 

150 


30 



: pot 


mV 

Thermal Resistance 





















Junction to Case 




3 



3 



Note 3 



Note 3 


4 



Wzi 


°C/W 

Junction to Ambient 




35 



35 



Note 3 



Note 3 


50 





°C/W 


Note 1: This specification applies over — 55°C ^ Tj ^ +150°C for the LM120 and 0°C ^ Tj ^ +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty cycle, pulse testing is 
used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifications apply only up to P D . 

Note 3: Thermal resistance of typically 85°C/W (in 400 linear feet/min air flow), 224°C/W (in static air) junction to ambient, of typically 21°C/W junction to case. 

Note 4: Refer to RETS120-15H drawing for LM120H-15 or RETS120-15K drawing for LM120K-15 military specifications. 


Input-Output Voltage Differential 30V 

Junction Temperatures See Note 1 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 




Typical Performance Characteristics 


Output Voltage vs 
Temperature 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE CO 


Ripple Rejection 
(All Types) 



FREQUENCY (Hz) 


Output Impedance TO-3 
and TO-220 Packages 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Output Impedance TO-5 
and TQ-202 Packages 

10 I l 0UT ■ 100 C 0U t = 5^ 



j— CqutMOmFSOLIDH 


TANTALUM 


0.01k 0.1k Ik 10k 100k 1M 

FREQUENCY (Hz) 


Minimum Input-Output 



0 0.25 0.5 0.75 1.0 1.25 1.5 

OUTPUT CURRENT (A) 


Minimum Input-Output 
Differential TO-5 and 



Quiescent Current vs 
Input Voltage 



5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 


Quiescent Current vs 



0 0.25 0.5 0.75 1.0 1.25 1.5 

OUTPUT CURRENT (A) 


Maximum Average Power 
Dissipation (TO-3) 



2 5 50 7 5 1 00 125 

AMBIENT TEMPERATURE CC) 


TL/H/7767-4 

♦These curves for LM120. 

Derate 25°C further for LM320. 
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LM120/LM320 



LM120/LM320 


Typical Performance Characteristics (Continued) 


Maximum Average Power 



Maximum Average Power 
Dissipation (TO-202) 



0 10 20 30 40 50 60 70 


Maximum Average Power 
Dissipation (TO-220) 



0 25 50 75 100 125 150 


AMBIENT TEMPERATURE < # C) 


AMBIENT TEMPERATURE (°C) 


Short Circuit Current 



Vin-Vqut IV) 


TL/H/7767-5 


Typical Applications (Continued) 


High Stability 1 Amp Regulator 



TL/H/7767-6 

Lead and line regulation — 0.01 % temperature stability — 0.2% 
tDetermines Zener current. 
ttSolid tantalum. 

An LM120-12 or LM120-15 may be used to permit higher input voltages, but the regulated output voltage must be at least -15V when using the LM120-12 and 
-18V for the LM120-15. 

* ‘Select resistors to set output voltage. 2 ppm/°C tracking suggested. 
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LM120/LM320 


Connection Diagrams 



Metal Can Package TO-39 (H) 
Order Number LM120H-5.0, 
LM120H-12, LM120H-15, LM320H- 
5.0, LM320H-12 or LM320H-15 
See NS Package Number H03A 


INPUT 



Steel Metal Can Package TO-3 (K) 
Order Number LM120K-5.0, 
LM120K-12, LM120K-15, LM320K- 
5.0, LM320K-12 or LM320K-15 
See NS Package Number K02A 


INPUT 



Aluminum Metal Can 
Package TO-3 (KC) 

Order Number LM320KC-5.0, 
LM320KC-12 or LM320KC-15 
See NS Package Number KC02A 


INPUT 



Power Package TO-202 (P) 
Order Number LM320MP-5.0, 
LM320MP-12 or LM320MP-15 
See NS Package Number P03A 


INPUT 



Power Package TO-220 (T) 

Order Number LM320T-5.0, LM320T-12 or LM320T-15 
See NS Package Number T03B 


Schematic Diagrams 

— 5V 
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LM120/LM320 



LM 1 23 A/LM 1 23/LM323 A/LM323 



National 

Semiconductor 


LM 1 23 A/LM 1 23/LM323A/LM323 
3-Amp, 5-Volt Positive Regulator 


General Description 

The LM123 is a three-terminal positive regulator with a pre- 
set 5V output and a load driving capability of 3 amps. New 
circuit design and processing techniques are used to pro- 
vide the high output current without sacrificing the regulation 
characteristics of lower current devices. 

The LM123A and LM323A offer improved precision over the 
standard LM123 and LM323, Parameters with tightened 
specifications include output voltage tolerance, line regula- 
tion, and load regulation. 

The 3 amp regulator is virtually blowout proof. Current limit- 
ing, power limiting, and thermal shutdown provide the same 
high level of reliability obtained with these techniques in the 
LM109 1 amp regulator. 

No external components are required for operation of the 
LM123. If the device is more than 4 inches from the filter 
capacitor, however, a 1 ju,F solid tantalum capacitor should 
be used on the input. A 0.1 /xF or larger capacitor may be 
used on the output to reduce load transient spikes created 
by fast switching digital logic, or to swamp out stray load 
capacitance. 

An overall worst case specification for the combined effects 
of input voltage, load currents, ambient temperature, and 


power dissipation ensure that the LM123 will perform satis- 
factorily as a system element. 

For applications requiring other voltages, see LM150 series 
adjustable regulator data sheet. 

Operation is guaranteed over the junction temperature 
range -55°C to +150°C for LM123A/LM123, -40°C to 
+ 125°C for LM323A, and 0°C to + 125°C for LM323. A her- 
metic TO-3 package is used for high reliability and low ther- 
mal resistance. 

Features 

■ Guaranteed 1 % initial accuracy (A version) 

■ 3 amp output current 

■ Internal current and thermal limiting 

■ 0.0111 typical output impedance 

■ 7.5V minimum input voltage 

■ 30W power dissipation 

■ 100% electrical burn-in 


Connection Diagram 


Metal Can Package 



GND 

(CASE) 


TL/H/7771 -2 

Order Number LM123AK STEEL, LM123K STEEL, LM323AK STEEL or LM323K STEEL 
See NS Package Number K02A 


Typical Applications 


Basic 3 Amp Regulator 



TL/H/7771 -3 

■"Required if LM123 is more than 4" from filter capacitor. 
tRegulator is stable with no load capacitor into resistive loads. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 4) 

Input Voltage 20V 

Power Dissipation Internally Limited 

Operating Junction Temperature Range 
LM123A, LM123 -55°Cto +150°C 

LM323A — 40°C to +125°C 

LM323 0°C to + 1 25°C 


LM 123 A/LM 123 Electrical Characteristics (Note 1) 

I T LM123A 


Conditions 


Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD Tolerance (Note 5) 

Preconditioning 

Burn-In in Thermal Limit 


100% All Devices 
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LM 1 23A/LM 123/LM323A/LM323 


LM323A/LM323 Electrical Characteristics (Notei) 


Parameter 

Conditions 

LM323A 

LM323 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Voltage 

u 

oj O 

o' 

t= 

H 

II 

O 

> 

4.95 

5 

5.05 

4.8 

5 

5.2 

S 


7.5V £ Vin ^ 15V 

0A <; l 0 UT £ 3A, P £ 30W 

4.85 


5.15 

4.75 


5.25 


Line Regulation (Note 3) 

Tj = 25°C 

7.5V ^V| N <; 15V 


5 

10 


5 

25 

mV 

Load Regulation (Note 3) 

Tj = 25°C, V|n = 7.5V, 

0A ^ louT ^ 3A 


25 

50 


25 

100 

mV 

Quiescent Current 

7.5V <; V| N <£ 15V, 

0A ^ louT ^ 3A 


12 

20 


12 

20 

mA 

Output Noise Voltage 

Tj = 25°C 

10 Hz ^ f ^ 100 kHz 


40 



40 



Short Circuit Current Limit 

Tj = 25°C 

V| N = 15V 


3 

H 


3 

m 

A 


V| N = 7.5V 


4 

Bf 


4 


A 

Long Term Stability 








mW 

Thermal Resistance Junction 








°C/W 

to Case (Note 2) 









Note 1 : Unless otherwise noted, specifications apply for -55°C £ Tj £ +150°Cforthe LM123Aand LM123, -40°C £ Tj £ +125°Cforthe LM323A, and 0°C £ 
Tj £ + 125°C for the LM323. Although power dissipation is internally limited, specifications apply only for P ^ 30W. 


Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 35°C/W. With a heat sink, the effective thermal resistance can only approach the 
specified values of 2°C/W, depending on the efficiency of the heat sink. 

Note 3: Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse width ^ 1 ms and a duty cycle £ 5%. 
Note 4: Refer to RETS123K drawing for LM123K, and to RETS123AK for LM123AK military specifications. 

Note 5: Human body model, 1.5 kft in series with 100 pF. 

Typical Applications (Continued) 


Adjustable Output 5V-10V 0.1% Regulation 



UNREGULATED 

•Select to Set Output Voltage TL/H/7771 -4 

••Select to Draw 25 mA from V~ 
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QUIESCENT CURRENT (mA) INPUTOUTPUT DIFFERENTIAL (V) UUTPUT CURRENT (A) POWER DISSIPATION (WATTS) 


Typical Performance Characteristics 


Maximum Average Power Maximum Average Power 

Dissipation for LM123A, LM123 Dissipation for LM323A, LM323 Output Impedance 

40 i ■ — r n 1 1 10° i ■ - i i i i 


~ Vim = 15V ~~f~~~ - 
-/ (THERMAL EFFECT) - 



25 50 75 100 125 

T A - AMBIENT TEMPERATURE 1*0 



25 50 75 100 125 

T A - AMBIENT TEMPERATURE (°C> 


1 10 100 IK 10K 100K 1M 

FREQUENCY (Hi) 


Peak Available Output Current Short Circuit Current 



INPUT VOLTAGE (V) 



10 15 

INPUT VOLTAGE (V) 


Ripple Rejection 


i L = o / 

i ' SOLID/ 
— * TANTALUM - 

N i 

■V IN = 10V, l L = 3A 

(THERMAL EFFECT) 


1 10 100 IK 10K 100K 1M 

FREQUENCY (Hi) 


Dropout Voltage 


Line Transient Response 


Output Voltage 







l L = 150 mA 


A 



Cj. * 0.1/tF 

Ti = 25* C 


3 


H 


S- 











\1 


* 




















-75 -SO -25 0 25 50 75 100 125 ISO 
JUNCTION TEMPERATURE (°C) 


0 1 2 3 4 5 

TIME (ps) 



-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (*C) 


Quiescent Current 

1 _js=S===* 

, X! Tj = 25°C __ 

/ T. = 125°C ' 


Load Transient Response 


C L = 10#iF | 

''SOLID TANTALUM “ 


Output Noise Voltage 


4 • 12 16 20 

INPUT VOLTAGE (V) 


0 1 2 3 4 5 

TIME Oil) 
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LM 1 25/LM325/ LM325A/LM 1 26/LM326 


National 
Semiconductor 

LM 1 25/LM325/LM325A, LM126/LM326 Voltage 
Regulators 

General Description 

These are dual polarity tracking regulators designed to pro- 
vide balanced positive and negative output voltages at cur- 
rent up to 1 00 mA, the devices are set for ± 1 5V and + 1 2V 
outputs respectively. Input voltages up to + 30V can be 
used and there is provision for adjustable current limiting. 

These devices are available in two package types to accom- 
modate various power requirements and temperature 
ranges. 


Features 

■ ± 1 5V and ± 1 2V tracking outputs 

■ Output current to 1 00 mA 

■ Output voltage balanced to within 1% (LM125, LM126, 
LM325A) 

■ Line and load regulation of 0.06% 

■ Internal thermal overload protection 

■ Standby current drain of 3 mA 

■ Externally adjustable current limit 

■ Internal current limit 



Schematic and Connection Diagrams 



Dual-In-Line Package 



Order Number LM325AN, 
LM325N or LM326N 
See NS Package Number N14A 

Metal Can Package 



Case connected to -Vin TL/H/7776-3 

Top View 


Order Number LM125H, 
LM325H, LM126H or LM326H 
See NS Package Number H10C 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 5) 

Input Voltage ±30V 

Forced Vq + (Min) (Note 1) -0.5V 

Forced Vq” (Max) (Note 1) + 0.5V 

Power Dissipation (Note 2) Pmax 

Output Short-Circuit Duration (Note 3) Continuous 


Electrical Characteristics LMi25/LM325/LM325A(Note2) 


Operating Conditions 

Operating Free Temperature Range 
LM125 

LM325, LM325A 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


— 55°C to +125°C 
0°C to +70°C 
— 65°C to +150°C 
300°C 


Line Regulation 


V| N = 18V to 30V, l L = 20 mA, 


(Still Air) 

(400 Lf/min Air Flow) 
(Still Air) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

LM125/LM325A 

Tj = 25°C 

14.8 

15 

15.2 

V 

LM325 


14.5 

15 

15.5 

V 

Input-Output Differential 


2.0 



V 



Tj = 25°C 


2.0 

10 

mV 

Line Regulation Over Temperature Range 

V| N = 18V to 30V, l L = 20 mA, 


2.0 

20 

mV 

Load Regulation 

l L = 0 to 50 mA, Vin = ±30V, 





V 0 + 

Tj = 25°C 


3.0 

10 

mV 

Vq" 



5.0 

10 

mV 

Load Regulation Over Temperature Range 

l L = 0 to 50 mA, Vin = ±30V 





v 0 + 



4.0 

20 

mV 

Vq" 



7.0 

20 

mV 

Output Voltage Balance 

Tj = 25°C 





LM125, LM325A 




±150 

mV 

LM325 




±300 

mV 

Output Voltage Over Temperature Range 

P ^ Pmax. o ^ Iq ^ 50 mA, 





LM125, LM325A 

18V <; |V| N | <; 30 

14.65 


15.35 

V 

LM325 


14.27 


15.73 

V 


Temperature Stability of Vq ± 0.3 % 

Short Circuit Current Limit Tj = 25°C 260 mA 

Output Noise Voltage Tj = 25°C, BW = 100 - 10 kHz 150 juVrms 

Positive Standby Current Tj = 25°C 1.75 3.0 mA 

Negative Standby Current Tj = 25°C 3.1 5.0 mA 

Long Term Stability 0.2 %/kHr 

Thermal Resistance Junction to 
Case (Note 4) 

LM125H, LM325H 20 °C/W 

Junction to Ambient (Still Air) 215 °C/W 

Junction to Ambient (400 Lf/min Air Flow) 82 °C/W 

Junction to Ambient (Still Air) 

LM325AN, LM325N 90 ° /W 

Note 1: That voltage to which the output may be forced without damage to the device. 

Note 2: Unless otherwise specified these specifications apply for Tj = 55°C to + 150°C on LM125, Tj = 0°C to + 125°C on LM325A, Tj = 0°C to +125°C on 
LM325, Vin = ±20V, l(_ = 0 mA, Imax =100 mA, Pmax = 2.0W for the H10 Package. Imax = 100 mA. Imax = 100 mA, Pmax = 1-0W for the DIP N Package. 
Note 3: If the junction temperature exceeds 1 50°C, the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance junction to ambient of the H10 Package is about 155°C/W. With a heat sink, the effective thermal resistance 
can only approach the junction to case values specified, depending on the efficiency of the sink. 

Note 5: Refer to RETS125X drawing for military specification of LM125. 
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LM 1 25/LM325/LM325A/LM 1 26/LM326 


Absolute Maximum Ratings Operating Conditions 

If Military /Aerospace specified devices are required, Operating Free Temperature Range 



please contact the National Semiconductor Sales LM126 



— 55°C to + 125°C 

Office/Distributors for availability and specifications. LM326 



0°C to +70°C 

(Note 5) 

Storage Temperature Range 

— 65°Cto + 1 50°C 

Input Voltage 

- 30V Lead T emperature (Soldering, 1 0 sec.) 


300°C 

Forced Vo + (Min) (Note 1) 

-0.5V 





Forced Vq" (Max) (Note 1) 

+ 0.5V 





Power Dissipation (Note 2) Internally Limited 





Output Short-Circuit Duration (Note 3) 

Continuous 





Electrical Characteristics LMi26/LM326(Note2) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

Tj = 25°C 





LM126/LM326 


11.8 

12 

12.2 

V 



11.5 


12.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V|N = 1 5V to 30V 
l L = 20 mA, Tj = 25°C 


2.0 

10 

mV 

Line Regulation Over Temperature Range 

V| N = 15V to 30V, l L = 20 mA 


2.0 

20 

mV 

Load Regulation 

l L = 0 to 50 mA, V|n = ±30V, 





v 0 + 

Tj = 25°C 


3.0 

10 

mV 

v 0 - 



5.0 

10 

mV 

Load Regulation Over Temperature Range 

l L = 0 to 50 mA, V| N = ±30V 





V 0 + 



4.0 

20 

mV 

v 0 - 



7.0 

20 

mV 

Output Voltage Balance 

Tj = 25°C 





LM126, LM326 




±125 

mV 





±250 

mV 

Output Voltage Over Temperature Range 

P £ Pmax. 0 ^ Iq ^ 50 mA, 





LM126 

15V <; |V| N | <; 30 

11.68 


12.32 

V 

LM326 


11.32 


12.68 

V 

Temperature Stability of Vo 



±0.3 


% 

Short Circuit Current Limit 

Tj = 25° C 


260 


mA 

Output Noise Voltage 

Tj = 25°C, BW = 100- 10 kHz 


100 


juA/rms 

Positive Standby Current 

Tj = 25°C, l L = 0 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25°C, l L = 0 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to 

Case (Note 4) 






LM126H, LM326H 



20 


°C/W 

Junction to Ambient 

(Still Air) 


155 


°C/W 

Junction to Ambient 

(400 Lf/min Air Flow) 


62 


°C/W 

Junction to Ambient LM326N 



150 


°C/\N 

| Note 1: That voltage to which the output may be forced without damage to the device. 





Note 2: Unless otherwise specified these specifications apply for T, = 55°C to + 1 50°C on LM 1 26, Tj = 0°C to + 1 25°C on LM326, V^ 

1 = ±20V, l L = 

■■ 0 mA, l MAX 

i =100 mA, Pmax = 2.0W for the HI 0 Package. Imax = 

100 mA. Imax = 100 mA > Pmax = 1.0W for the DIP N Package. 



Note 3: If the junction temperature exceeds 150°C, the output short circuit duration is 60 seconds. 





Note 4: Without a heat sink, the thermal resistance junction to ambient of the H10 Package is about 155°C/W. With a heat sink, the effective thermal resistance 

can only approach the junction to case values specified, depending on the efficiency of the sink. 

Note 5: Refer to RETS126X drawing for military specification of LM1 26. 
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Typical Performance Characteristics 


LM125 Load Regulation LM126 Load Regulation 




LM 125/ 126 Regulator 



LOAD CURRENT (mA) 


LM125/126 Regulator 
Dropout Voltage for 
Negative Regulator 



LOAD CURRENT (mA) 


LM125/126 Peak Output 
Current vs 


Junction Temperature 



-SO 0 50 100 150 

JUNCTION TEMPERATURE CC) 


LM 125/ 126 Maximum Average 
Power Dissipation vs 
Ambient Temperature 



-55 -25 0 *25 *50 *75 *100 *125 

T a - AMBIENT TEMPERATURE CCI 


LM325/326 Maximum Average 
Power Dissipation vs 
Ambient Temperature 



0 25 50 75 100 

T a - AMBIENT TEMPERATURE CC) 


LM 125/ 126 Current Limit Sense 
Voltage vs Temperature 
for Negative Regulator 



-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE CC) 


LM 125/ 126 Current Limit Sense 
Voltage vs Temperature 
for Positive Regulator 



-50 -25 0 25 50 75 100 125 ISO 


JUNCTION TEMPERATURE CC) 


LM125/126 

Standby Current Drain 


T a = -55 C 

=1 

-su 

•PLY 



T a = +25*C"^ 





Ta”* 

125*C 







♦SUI 

■PLY 





! 


7~Z 






/ 


T a ■ -55*C- 
T a « *25*C- 
T a ■ +125*C 



i L 

= 0 


18 20 22 24 26 28 30 


LM125 

Load Transient Response 
for Negative Regulator 



I 

l 





n 

L 

H 

l 

u 

n 

0 

n 

n 

Or 


1 

III 


i 

i 

i 

i 

1 

1 

i 

i 

1 

1 

1 

(1 


i 

i 


i 

1 

1 

i 

i 

1 

1 



V 





a 




















LM126 

Load Transient Response 



INPUT VOLTAGE (±V> 


TIME (Ija/DIV) 


TIME Mmi/OIVi 


TL/H/7776-4 
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Typical Applications 

Basic Regulatorttt 



2.0 Amp Boosted Regulator With Current Limit 



TL/H/7776-7 


Note: Metal can (H) packages shown. 


Icl = 


Current Limit Sense Voltage (See Curve) 
Rcl 


tSolid tantalum 

ttShort pins 6 and 7 on dip 

TTTRcl can be added to the basic regulator between pins 6 and 5, 1 and 2 to reduce 
current limit. 

•Required if regulator is located an appreciable distance from power supply filter. 

••Although no capacitor is needed for stability, it does help transient response. (If 
needed use 1 /u,F electrolytic). 

*• ’Although no capacitor is needed for stability, it does help transient response. (If 
needed use 1 0 juF electrolytic). 
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Typical Applications (Continued) 

Positive Current Dependent Simultaneous Current Limiting 



'CL + = 
'CL + = 


VSENSENEG , 

2 + VBEQ1 

m 

VSENSENEG + VpiODE 
Rcl~ 


Icl + Controls Both Sides of the Regulator. 


R C l+ = 


VSENSE + 
1.1 l C L + 


TL/H/7776-8 


Boosted Regulator With Foldback Current Limit 



TL/H/7776-9 
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Typical Applications (Continued) 

Electric Shutdown 



tSolid tantalum 
ttShort pins 6 and 7 on dip 

* Required if regulator is located an appreciable distance from power supply 
filter. 

* ‘Although no capacitor is needed for stability, it does help transient re- 
sponse. (If needed use 1 /xF electrolytic). 
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LM133/LM333 


National 

Semiconductor 


LM133/LM333 3-Ampere Adjustable Negative Regulators 


General Description 

The LM133/LM333 are adjustable 3-terminal negative volt- 
age regulators capable of supplying in excess of -3.0A 
over an output voltage range of -1.2V to -32V. These 
regulators are exceptionally easy to apply, requiring only 2 
external resistors to set the output voltage and 1 output 
capacitor for frequency compensation. The circuit design 
has been optimized for excellent regulation and low themal 
transients. Further, the LM133 series features internal cur- 
rent limiting, thermal shutdown and safe-area compensa- 
tion, making them virtually blowout-proof against overloads. 
The LM133/LM333 serve a wide variety of applications in- 
cluding local on-card regulation, programmable-output volt- 
age regulation or precision current regulation. The LM133/ 
LM333 are ideal complements to the LM150/LM350 adjust- 
able positive regulators. 


Features 

■ Output voltage adjustable from -1.2V to -32 V 

■ 3.0A output current guaranteed, -55°C to + 150°C 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.1% 

■ Excellent rejection of thermal transients 

■ 50 ppm/°C temperature coefficient 

■ Temperature-independent current limit 

■ Internal thermal overload protection 

■ 100% electrical burn-in 

■ Standard 3-lead transistor package 

■ Output is short circuit protected 


Connection Diagrams Typical Applications 


TO-3 

Metal Can Package 


Adjustable Negative Voltage Regulator 



Bottom View 

Steel TO-3 Metal Can Package (K 
STEEL) 

Order Number LM133K STEEL or 
LM333K STEEL 

See NS Package Number K02A 
TO-220 

Plastic Package 



ADJ 

VlN VOUT 
LM 133/ 333 


Full output current not available at high input-output voltages. 

-Vout= -1.25V (l + ^) + (-| ADJ XR 2 ) 

tCI = 1 juF solid tantalum or 10 jaF aluminum electrolytic required for stability. 

*C2 = 1 /aF solid tantalum is required only if regulator is more than 4" from power supply filter capaci- 
tor. 

Output capacitors in the range of 1 juF to 1000 pF of aluminum or tantalum electrolytic are commonly 
used to provide improved output impedance and rejection of transients. 


Bottom View 

3-Lead TO-220 Plastic Package (T) 
Order Number LM333T 
See NS Package Number T03B 
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Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Storage Temperature 

— 65°Cto +150°C 

please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) 


Office/Distributors for availability and specifications. TO-3 Package 


300°C 

Power Dissipation 

Internally Limited TO-220 Package 


260° C 

Input-Output Voltage Differential 35V 





Operating Junction Temperature Range Tmin^oTmax PrGCOnCIltlOninfl 



LM133 

- 55°C to + 1 50°C Burn-In In Thermal Limit 

100% All Devices 

LM333 

— 40°C to +125°C 





Electrical Characteristics LM133 (Note i> (Note 5) 







Tested Limit 
(Note 3) 

Design Limit 
(Note 4) 

Units 

Parameter 

Conditions 

Typical 

(Max Unless 
Noted) 

Reference Voltage 

Tj = 25°C, l L = 10 mA 

-1.250 

-1.238 


V(MIN) 




-1.262 


V(MAX) 


T M IN ^ Tj ^ TmaX, 3V ^ |V| N - VqutI ^ 35V, 
10 mA <M[_ <; 3A, P ^ Pmax 






LM133 

- 1.250 

- 1.225 


V(MIN) 


LM133 


- 1.275 


V(MAX) 

Line Regulation 

Tj = 25°C, 3V <: |V| N - VoutI 35V, 

Iout = 30 mA (Note 2) 

0.01 

0.02 


%/V 


LM133 

0.02 

0.05 


%/V 

Load Regulation 

Tj = 25°C, 10 mA ^ louT ^ 3A, P ^ Pmax 
(N otes 2 and 6) 

0.2 

0.5 


% 


LM133 

0.4 

1.0 


% 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 

0.002 

0.01 


%/W 

Temperature Stability 

Tmin ^ Tj ^ T MA x 

0.4 



% 

Long Term Stability 

Tj = 125°C, 1000 Hours 

0.15 


0.8 

% 

Adjust Pin Current 

Tj = 25°C 






LM133 

65 

90 


juA 


LM133 

70 

100 


juA 

Adjust Pin Current 

Tj = 25°C, 10 mA <; l L ^ 3A 

2 

5 

6 

jx A 

Change 

Tj = 25°C, 3.0V ^ |V| N - V 0 utI ^ 35V 

2 

5 

6 

/jlA 

Minimum Load 

|V| N - VoutI < 35V, Tj = 25°c 





Current 

LM133 

2.5 

5.0 


mA 


|V|N- VoutI ^ 10V, Tj = 25”C 






LM133 

1.2 

2.5 


mA 

Current Limit 

3V S |V| N - VoutI £ 10V, Tj = 25°C 





(Note 6) 

LM133 

3.9 

3.0 


A(MIN) 


|V|N- VoutI = 20V,Tj = 25°c 






LM133 

2.4 

1.25 


A(MIN) 


|V|n - VoutI = 30V, Tj = 25“C 






LM133 

0.4 

0.3 


A(MIN) 

Output Noise 
(% Of Vqut) 

10 Hz to 10 kHz, Tj = 25°C 

0.003 


0.010 

% (rms) 

Ripple Rejection 

VOUT = 10V, f = 120 Hz, Tj = 25°C 

CaDJ = 0 /xF 

60 


55 

dB 


Cadj = io 

77 


70 

dB 

Thermal Resistance 

TO-3 Package (K STEEL) 

1.2 


1.8 

°C/W 


TO-220 Package (T) 

3 


4 

°C/W 

Thermal Shutdown 

LM133 

163 

150 


°C(MIN) 

Temperature 

LM133 



190 

°C(MAX) 
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LM133/LM333 


Electrical Characteristics LM133 (Note u (Notes) 


Parameter 

Conditions 

Typical 

Tested Limit 
(Note 3) 

Design Limit 
(Note 4) 

Units 

(Max Unless 
Noted) 

Reference Voltage 

Tj = 25°C, l L = 10 mA 

-1.250 

1 


V(MIN) 






V(MAX) 


TmIN ^ Tj ^ T MA x, 3V £ |V| N - VqutI ^ 35V, 

-1.250 

■ 


V(MIN) 


10 mA <. Ij_ ^ 3A, P ^ Pmax 




V(MAX) 

Line Regulation 

Tj = 25“C, 3V S |V|N - VoutI £ 35V, 

0.001 



% /V 


Iout = 50 mA (Note 2) 

0.02 


0.07 

%/M 

Load Regulation 

Tj = 25°C, 10 mA ^ Iqut ^ 3A, P ^ Pmax 

0.2 

1.0 


% 


(Notes 2 and 6) 

0.4 


1.5 

% 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 

0.002 

0.02 


%/W 

Temperature Stability 

Tmin ^ Tj ^ T MA X 

0.5 



% 


Tj = 125°C, 1000 Hours 

0.2 


0.8 

% 

Adjust Pin Current 

Tj = 25°C 

65 

95 


fxA 



70 


100 

fiA 

Adjust Pin Current 

Tj = 25°C, 1 0 mA <. I L £ 3A 


7 



Change 

Tj = 25°C, 3.0 V £ |V| N <; £ 35V 


7 



Minimum Load 

Ivin- VoutI ^ 35V, Tj = 25“C 


10 

wmiwm 


Current 

|V|n - VoutI ^ iov, Tj = 25"C 


5.0 



Current Limit 

3V s |V| N - VoutI ^ iov, Tj = 25°c 

3.9 

2.0 

3.0 

A(MIN) 

(Note 6) 

|V|N- VoutI = 20V, Tj = 25“C 

2.4 

1.0 

1.0 

A(MIN) 


|V|N- VoutI = 30V, Tj = 25“C 

0.4 

0.20 

0.2 

A(MIN) 

Output Noise 
(% of Vout) 

10 Hz to 10 kHz, Tj = 25°C 

0.003 


0.010 

% (rms) 

Ripple Rejection 

V 0 UT = 10V, f = 120 Hz, Tj = 25°C 

CaDJ = 0 fxF 

60 


50 

dB 


Cadj = 10 

77 


66 

dB 

Thermal Resistance 

TO-3 Package (K STEEL) 

1.2 


1.8 

°C/W 

Junction to Case 

TO-220 Package (T) 

3 


4 

°C/W 

Thermal Shutdown 


163 


150 

°C(MIN) 

Temperature 




190 

°C(MAX) 

Thermal Resistance 
Junction to Ambient 

K Package 

35 





T Package 

50 





Note 1: Unless otherwise specified, these specifications apply: -55°C £ Tj £ +150°Cforthe LM133; and -40°C ^ Tj + 125°Cforthe LM333; |V|n - VoutI = 
5V; and Iout ~ 0.5A. Although power dissipation is internally limited, these specifications are applicable for power dissipations up to 30W. 

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8" below the base of the TO-3 package. 
Note 3: Testing limits are guaranteed and 100% tested in production. 

Note 4: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 5: Specifcations in boldface apply over the full rated temperature range. 

Note 6: The output capability of the LM333 is guaranteed at 3A in the range of 3V £ |V|n - VoutI ^ 10V. At voltages above 10V, the available output current 
decreases, but in the range 10V £ |V|n - VoutI £ 15V, the available current is 30W - |V|n - VoutI- At voltages higher than 15V, refer to graphs for actual 
guaranteed output current available. 
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OUTPUT CURRB1T (A) 


Guaranteed Performance Characteristics 


LM133 Guaranteed Output Current 


LM333 Guaranteed Output Current 





5V 10V 15V 20 V 25V 30 V 35 V 

(3.0A) (3.0A) (2.0A) (1.25A) (OJA) (0.3A) (0.1 5A) 
TESTED TESTED TESTED TESTED TESTED 
(Vin-Vout) 



5V 10V 15V 20 V 25V 30 V 35 V 

(3.0A) (3.0A) (2.0A) (1.0A) (0.4A) (OJA) (0.08A) 
TESTED TESTED TESTED TESTED TESTED 
(Vin-Vout) . 


Typical Applications (Continued) 


-5.2V Regulator with Electronic Shutdown* 



Negative Regulator with Protection Diodes 



•When Cl is larger than 20 jaF, D1 protects the 
LM133 in case the input supply is shorted. 

•When C2 is larger than 10 juF and -Vout is 
larger than -25 V, D2 protect the LM133 in 
case the output is shorted. 

"Mn case Vout is shorted to a positive supply, 
D3 protects the LM133 from overvoltage, and 
protects the load from reversed voltage. 
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LM133/LM333 
























LM133/LM333 


Typical Applications (Continued) 

THERMAL REGULATION 

When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since the power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient, and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Vqut. 



TL/H/9065-14 

FIGURE 1 


per watt, within the first 10 rms after a step of power is 
applied. The LM133’s specification is 0.01 %/W, max. 

In Figure 1, a typical LM133’s output drifts only 2 mV (or 
0.02% of Vout = -10V) when a 20W pulse is applied for 
1 0 ms. This performance is thus well inside the specification 
limit of 0.01 %/Wx20W = 0.2% max. When the 20W pulse 
is ended, the thermal regulation again shows a 2 mV step as 
the LM133 chip cools off. Note that the load regulation error 
of about 1 mV (0.01 %) is additional to the thermal regulation 
error. In Figure 2, when the 20W pulse is applied for 100 ms, 
the output drifts only slightly beyond the drift in the first 10 
ms, and the thermal error stays well within 0.1 % (10 mV). 



TL/H/9065-15 

FIGURE 2 
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National 
Semiconductor 

LM137/LM337 

3-Terminal Adjustable Negative Regulators 

General Description 

The LM137/LM337 are adjustable 3-terminal negative volt- 
age regulators capable of supplying in excess of -1.5A 
over an output voltage range of -1.2V to -37V. These 
regulators are exceptionally easy to apply, requiring only 2 
external resistors to set the output voltage and 1 output 
capacitor for frequency compensation. The circuit design 
has been optimized for excellent regulation and low thermal 
transients. Further, the LM137 series features internal cur- 
rent limiting, thermal shutdown and safe-area compensa- 
tion, making them virtually blowout-proof against overloads. 

The LM137/LM337 serve a wide variety of applications in- 
cluding local on-card regulation, programmable-output volt- 
age regulation or precision current regulation. The LM137/ 

LM337 are ideal complements to the LM117/LM317 adjust- 
able positive regulators. 

Features 

■ Output voltage adjustable from -1.2V to -37V 

■ 1.5A output current guaranteed, -55°C to +150°C 

■ Line regulation typically 0.01 %/V 
n Load regulation typically 0.3% 

D Excellent thermal regulation, 0.002% /W 


Typical Applications 


Adjustable Negative Voltage Regulator 



TL/H/9067-1 

Full output current not available at high input-output voltages 
-V 0UT = -1.25V (l + Jiy + (-, ADJ XR 2 ) 
tCI = 1 jaF solid tantalum or 10 jutF aluminum electrolytic required for stability 

*C2 = 1 fiF solid tantalum is required only if regulator is more than 4" from power-supply filter capacitor 

Output capacitors in the range of 1 jaF to 1000 ju.F of aluminum or tantalum electrolytic are commonly used to provide improved 

output impedance and rejection of transients 


■ 77 dB ripple rejection 

■ Excellent rejection of thermal transients 

■ 50 ppm/°C temperature coefficient 

■ Temperature-independent current limit 

■ Internal thermal overload protection 

■ 100% electrical burn-in 

■ Standard 3-lead transistor package 

■ Output is short circuit protected 


LM137 Series Packages and Power Capability 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Load 

Current 

LM1 37/337 

TO-3 (K) 

20W 

1.5A 


TO-39 (H) 

2W 

0.5A 

LM337 

TO-220 (T) 

15W 

1.5A 

LM337M 

TO-202 (P) 

7.5W 

0.5A 
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LM137/LM337 




LM137/LM337 


Absolute Maximum Ratings 









If Military/Aerospace specified devices are required, 

Storage Temperature 


— 65°C to + 150°C 

please contact the National Semiconductor Sales 

Lead Temperature (Soldering, 10 sec. 

) 

300°C 

Office/Distributors for availability and specifications. 

{Note 

Plastic Package (Soldering, 4 sec.) 

260°C 

Power Dissipation 

Internally Limited 

ESD Rating 




2k Volts 

Input-Output Voltage Differential 40V 

Preconditioning 





Operating Junction Temperature Range 









LM137 

— 55°C to +150°C 

Burn-In in Thermal Limit 


100% All Devices 

LM337 

0°C to + 125°C 









Electrical Characteristics (Notei) 









Parameter 

Conditions 


LM137 

LM337 

Units 


Min 

Typ 

Max 







Line Regulation 

T, = 25°C, 3V <: |V| N - VqutI ^ 40V 





0.01 

0.04 

%/V 


(Note 2) l[_ = 10 mA 









Load Regulation 

Tj = 25°C, 10 mA ^ IquT ^ >MAX 


0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 







%/w 

Adjustment Pin Current 



wm 



3^3 


fxA 

Adjustment Pin Current Charge 

10 mA i II ^ Imax 

3.0V <i |V| N - VoutI S 40V, 

T A = 25°C 


2 

5 

■ 

2 

5 

jaA 

Reference Voltage 

T] = 25°C (Note 3) 


-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 


3V 2 |V| N - Void ^ 40V, (Note 3) 
10 mA ^ Iout ^ Imax. p ^ Pmax 


-1.200 

-1.250 

-1.300 

-1.200 

-1.250 

-1.300 

V 

Line Regulation 

3V <; |V| N - Void =£ 40V, (Note 2) 


0.02 




0.07 

%/V 

Load Regulation 

10 mA ^ Iout ^ Imax. (Note 2) 


0.3 

1 




% 

Temperature Stability 

t min ^ T j ^ T MA x 





pan 


% 

Minimum Load Current 

|V|N - Void ^ 40V 



2.5 

5 


■ 


mA 


|V|n - VqutI ^ iov 



1.2 

3 




mA 

Current Limit 

|V|N - VqutI ^ 15V 

K and T Package 


1.5 

2.2 

3.5 


2.2 

3.7 

A 


H and P Package 


0.5 

0.8 

1.8 


0.8 

1.9 

A 


|V|N - Void = 40V, Tj = 25°C 

K and T Package 


0.24 

0.4 


0.15 

0.4 


A 


H and P Package 


0.15 

0.17 


0.10 

0.17 


A 

RMS Output Noise, % of Vqut 

Tj = 25°C, lOHz^f £ 10 kHz 


0.003 





% 

Ripple Rejection Ratio 

Vout = -10V, f = 120 Hz 



60 





■a 


Cadj = 10 


66 

77 



El 


m 

Long-Term Stability 

Tj = 125°C, 1000 Hours 


0.3 

1 



1 

% 

Thermal Resistance, 

H Package 



12 

15 




°c/w 

Junction to Case 

K Package 



2.3 

3 

■■ 



°c/w 


T Package 








°c/w 


P Package 








°c/w 

Thermal Resistance, 

H Package 


■jgfl 


■ 

1 

140 


°c/w 

Junction to Ambient 

K Package 





■ 

35 


°c/w 

(No Heat Sink) 

T Package 


■ 




50 


°c/w 


P Package 






80 


°c/w 

Note 1: Unless otherwise specified, these specifications apply -55°C ^ T, ^ + 150°Cforthe LM137, 0°C £ Tj £ + 125°Cforthe LM337; Vin - 

Vqut = and 

•out = 0.1A for the TO-39 and TO-202 packages and Iout = 0.5A for the TO-3 and TO-220 packages. Although power dissipation is internally limited, these 
specifications are applicable for power dissipations of 2W for the TO-39 and TO-202 and 20W for the TO-3 and TO-220. Imax is 1.5A for the TO-3 and TO-220 

packages, and 0.5A for the TO-202 package and 0.2A for the TO-39 package. 









Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point y 8 " below the base of the TO-3 and TO-39 

packages. 










| Note 3: Selected devices with tightened tolerance reference voltage available. 









Note 4: Refer to RETS137H drawing for LM137H or RETS137K drawing for LM137K military specifications. 
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Thermal Regulation 

When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per Watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient, and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Voyj, 
per Watt, within the first 10 ms after a step of power is 
applied. The LM137’s specification is 0.02% /W, max. 



-♦I 1 0 ms 


LM137, V 0 ut = -10V 
V|N - V 0 UT = -40V 
l| L = 0A -► 0.25A -*• 0A 
Vertical sensitivity, 5 mV/div 

FIGURE 1 


TL/H/9067-3 


TL/H/9067-2 


In Figure 1, a typical LM137’s output drifts only 3 mV (or 
0.03% of Vout t= -10V) when a 10W pulse is applied for 
1 0 ms. This performance is thus well inside the specification 
limit of 0.02%/W x 10W = 0.2% max. When the 10W 
pulse is ended, the thermal regulation again shows a 3 mV 
step at the LM1 37 chip cools off. Note that the load regula- 
tion error of about 8 mV (0.08%) is additional to the thermal 
regulation error. In Figure 2, when the 10W pulse is applied 
for 1 00 ms, the output drifts only slightly beyond the drift in 
the first 10 ms, and the thermal error stays well within 0.1 % 
(10 mV). 



LM137, V 0 UT = -10V 
V| N - Vout = -40V 
l L = 0A 0.25A — ► 0A 
Horizontal sensitivity, 20 ms/div 

FIGURE 2 


TL/H/9067-4 
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LM137/LM337 



LM137, 


An 

3L 


Connection Diagrams 

TO-3 

Metal Can Package 



TL/H/9067-5 

Bottom View 

Order Number LM137K STEEL or LM337K STEEL 
See NS Package Number K02A 


TO-220 

Plastic Package 



V|N 


TL/H/9067-7 

Front View 

Order Number LM337T 
See NS Package Number T03B 


TO-39 

Metal Can Package 



Case Is Input TL/H/9067-6 

Bottom View 

Order Number LM137H or LM337H 
See NS Package Number H03B 


TO-202 

Plastic Package 



v 1n 


TL/H/9067-8 

Front View 

Order Number LM337MP 
See NS Package Number P03A 
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Typical Applications (Continued) 

Adjustable Lab Voltage Regulator - 5.2V Regulator with Electronic Shutdown* 



CONTROL 



Current Regulator 



'out 

TL/H/9067-1 1 


Negative Regulator with Protection Diodes 



•When Cl is larger than 20 ju,F, D1 protects the LM137 in case the input 
supply is shorted 

••When C2 is larger than 10 fiF and -Vout is larger than -25V, D2 pro- 
tects the LM137 in case the output is shorted 


Adjustable Current Regulator 
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LM137/LM337 




LM137/LM337 









National 
Semiconductor 

LM137HV/LM337HV 3-Terminal Adjustable Negative 
Regulators (High Voltage) 

General Description 

The LM1 37HV/LM337HV are adjustable 3-terminal nega- 
tive voltage regulators capable of supplying in excess of 
-1.5A over an output voltage range of —1.2V to -47 V. 

These regulators are exceptionally easy to apply, requiring 
only 2 external resistors to set the output voltage and 1 
output capacitor for frequency compensation. The circuit 
design has been optimized for excellent regulation and low 
thermal transients. Further, the LM137HV series features 
internal current limiting, thermal shutdown and safe-area 
compensation, making them virtually blowout-proof against 
overloads. 

The LM137HV/LM337HV serve a wide variety of applica- 
tions including local on-card regulation, programmable-out- 
put voltage regulation or precision current regulation. The 
LM1 37HV/LM337HV are ideal complements to the 
LM117HV/LM317HV adjustable positive regulators. 


Typical Applications 


Adjustable Negative Voltage Regulator 



TL/H/9066-1 

-V 0UT = -1.25V (l+i|5) + [-lM<Fv] 

tCI = 1 juF solid tantalum or 10 /xF aluminum electrolytic 
required for stability. Output capacitors in the 
range of 1 /xF to 1000 /xF of aluminum or tantalum 
electrolytic are commonly used to provide im- 
proved output impedance and rejection of tran- 
sients. 

*C2 = 1 jxF solid tantalum is required only if regulator is 
more than 4" from power-supply filter capacitor. 


Features 

■ Output voltage adjustable from -1.2V to -47V 

■ 1.5A output current guaranteed, -55°C to +150°C 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.3% 

■ Excellent thermal regulation, 0.002%/W 

■ 77 dB ripple rejection 

■ Excellent rejection of thermal transients 

■ 50 ppm/°C temperature coefficient 

■ Temperature-independent current limit 

■ Internal thermal overload protection 

■ 100% electrical burn-in 

■ Standard 3-lead transistor package 

■ Output short circuit protected 
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LM137HV/LM337HV 



LM137HV/LM337HV 


Absolute Maximum Ratings 








If Military/Aerospace specified devices are required, Storage Temperature 


— 65°C to + 150°C j 

please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) 

300° 

Office/Distributors for availability and specifications. ESD rating is to be determined. 

(Note 3) 




Power Dissipation 

Internally limited Preconditioning 





Input-Output Voltage Differential 50V Burn . ln in Thermal Limit 


100% All Devices 

Operating Junction Temperature Range 








LM137HV 

— 55°C to + 150°C 








LM337HV 

0°C to + 125°C 








Electrical Characteristics (Notei) 








Parameter 

Conditions 

LM137HV 

LM337HV 

Units 







Min 

Typ 

Max 

Min 

Typ 

Max 




Line Regulation 

Tj = 25°C, 3V <: |V| N -V 0 utI ^ 50V, 
(Note 2) l|_ = 10 mA 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Tj = 25°C, 10 mA ^ Iout ^ IMAX 


0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 


0.002 

0.02 


0.003 

0.04 

%/w 

Adjustment Pin Current 



65 

100 


65 

100 

jllA 

Adjustment Pin Current Change 

3 

j 

VI 

VI 

< 

E 

o 


2 

5 


2 

5 

jllA 


3.0V <: |V| N -V 0U tI £ 50V, 

Tj = 25“ 


4 

6 


3 

6 

fiA 

Reference Voltage 

Tj = 25°C, (Note 3) 

-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 


3V <; |V| N -V 0 utI ^ 50V, (Note 3) 

10 mA ^ Iqut ^ Imax. P^ Pmax 

-1.200 

-1.250 

-1.300 

-1.200 

-1.250 

-1.300 

V 

Line Regulation 

3V <; |V| N -V 0 utI ^ 50V, (Note 2) 
l L = 10 mA 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA ^ Iqut ^ Imax. (Note 2) 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TmIN ^ Tj <£ Tmax 


0.6 



0.6 


% 

Minimum Load Current 

|V|N“VoutI ^ 50V 


2.5 

5 


2.5 

10 

mA 


|V|N~VoutI ^ 10V 


1.2 

3 


1.5 

6 

mA 

Current Limit 

|V|N“VoutI ^ 13V 

K Package 

1.5 

2.2 

3.2 

1.5 

2.2 

3.5 

A 


H Package 

0.5 

0.8 

1.6 

0.5 

0.8 

1.8 

A 


|V|N~VoutI = 50V 

K Package 

0.2 

0.4 

0.8 

0.1 

0.4 

0.8 

A 


H Package 

0.1 

0.17 

0.5 

0.050 

0.17 

0.5 

A 

RMS Output Noise, % of Vqut 

Tj = 25°C, 10 Hz ^f^ 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

VoUT = -10V, f = 120 Hz 


60 



60 


dB 


C ADJ = 10 /xF 

66 

77 


66 

77 


dB 

Long-Term Stability 

T a = 125°C, 1000 Hours 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

H Package 


12 



HI 

15 

°C/W 

to Case 

K Package 


2.3 




H 

°c/w 

Thermal Resistance 

H Package 


140 



140 


°c/w 


K Package 


35 



35 


°c/w 

Note 1: Unless otherwise specified, these specifications apply: - 55°C £ Tj ^ +1 50°C for the LM1 37HV, 0°C £ Tj £ +1 25°C for the LM337HV; Vin - Vout = 

5V; and Iqut = 0.1 A for the TO-39 package and Iqut ~ 0.5A for the TO-3 package. Although power dissipation is internally limited, these specifications are 

applicable for power dissipations of 2W for the TO-39 and 20W for the TO-3. Imax is 1 - 5A for the T0_3 package and 0.2A for the TO-39 package. 


Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulations. Load regulation is measured on the output pin at a point y 8 " below the base of the TO-3 and TO-39 

! packages. 









Note 3: Refer to RETS237HVH drawing for LM137HVH or RETS137HVK for LM137HVK military specifications. 
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LM137HV, 


Thermal Regulation 

When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per Watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient, and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Vqut. 
per Watt, within the first 10 ms after a step of power is 
applied. The LM137HV’s specification is 0.02%/W, max. 


In Figure 1, a typical LM137HV’s output drifts only 3 mV (or 
0.03% of Vout = -10V) when a 10W pulse is applied for 
1 0 ms. This performance is thus well inside the specification 
limit of 0.02%/W x 10W = 0.2% max. When the 10W pulse 
is ended, the thermal regulation again shows a 3 mV step as 
the LM137HV chip cools off. Note that the load regulation 
error of about 8 mV (0.08%) is additional to the thermal 
regulation error. In Figure 2, when the 10W pulse is applied 
for 100 ms, the output drifts only slightly beyond the drift in 
the first 1 0 ms, and the thermal error stays well within 0.1 % 
(10 mV). 



—►I 1 0 ms U— 



LM137HV, Vqut = -iov 
V iN-VoUT = -40V 
l L = 0A— ► 0.25A — > 0A 
Vertical sensitivity, 5 mV/div 

FIGURE 1 


LM137HV, Vqut = -10V 
Vin-Vout = -40V 
l L = 0A 0.25A -> 0A 
Horizontal sensitivity, 20 ms/div 

FIGURE 2 


Connection Diagram (See Physical Dimensions section for further information) 


TO-3 

Metal Can Package 
ADJUSTMENT /0\ vqut 


TO-39 

Metal Can Package 



lO)7** — OUTPUT 


Bottom View 

Order Number LM137HVK Steel or LM337HVK Steel 
See NS Package Number K02A 


Bottom View 

Order Number LM137HVH or LML337HVH 
See NS Package Number H03B 
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Typical Applications (Continued) 


Adjustable High Voltage Regulator 

T l v IN 


JO/jF* 5k 


JOpF* 5k 


020 

Iadj >1% 

tZPQUTl 


- -1.2V TO -47V 


Full output current not available 
at high input-output voltages 

*The 10 jaF capacitors are optional to improve ripple rejection 


Current Regulator 



CURRENT 

OUTPUT 


0.8ft £ R1 £ 120ft 


Adjustable Current Regulator 



±15% adjustable 


Negative Regulator with Protection Diodes 

— tr-r — rr- 


High Stability -40V Regulator 



H 

A0J 

>249 A 

LM137HV/ 


LM337HV 

Ivqut 1 

V| N 


TL/H/9066-10 

*When Cl is larger than 20 juF, D1 protects the 
LM137HV in case the input supply is shorted 
**When C2 is larger than 10 /xF and -Vout is larger than 
-25V, D2 protects the LM137HV is case the output is 
shorted 



V 0 UT 
-40V 
35 ppm/°C 


TL/H/9066-1 1 

* Use resistors with good tracking TC < 25 ppm/°C 
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LM 1 37H V/LM337H V 



LM 1 37H V/LM337H V 


Typical Performance Characteristics <h and k-steel Package) 

Current Limit 
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-75 -50-25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 



TEMPERATURE (°C) 
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53 National 


Semiconductor 

LM138A/LM138, LM338A/LM338 
5-Amp Adjustable Regulators 


General Description 

The LM138 series of adjustable 3-terminal positive voltage 
regulators is capable of supplying in excess of 5A over a 
1.2V to 32V output range. They are exceptionally easy to 
use and require only 2 resistors to set the output voltage. 
Careful circuit design has resulted in outstanding load and 
line regulation — comparable to many commercial power 
supplies. The LM138 family is supplied in a standard 3-lead 
transistor package. 

A unique feature of the LM138 family is time-dependent cur- 
rent limiting. The current limit circuitry allows peak currents 
of up to 1 2A to be drawn from the regulator for short periods 
of time. This allows the LM138 to be used with heavy tran- 
sient loads and speeds start-up under full-load conditions. 
Under sustained loading conditions, the current limit de- 
creases to a safe value protecting the regulator. Also includ- 
ed on the chip are thermal overload protection and safe 
area protection for the power transistor. Overload protection 
remains functional even if the adjustment pin is accidentally 
disconnected. 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An output capaci- 
tor can be added to improve transient response, while by- 
passing the adjustment pin will increase the regulator’s rip- 
ple rejection. 

Besides replacing fixed regulators or discrete designs, the 
LM138 is useful in a wide variety of other applications. Since 
the regulator is “floating” and sees only the input-to-output 
differential voltage, supplies of several hundred volts can be 


regulated as long as the maximum input to output differen- 
tial is not exceeded, i.e., do not short-circuit output to 
ground. The part numbers in the LM138 series which have a 
K suffix are packaged in a standard Steel TO-3 package, 
while those with a T suffix are packaged in a TO-220 plastic 
package. The LM138A/LM138 are rated for -55°C ^ Tj £ 
+ 150°C, while the LM338A is rated for -40°C £ Tj £ 
+ 125°C, and the LM338 is rated for 0°C ^ T j £ +125°C. 

Features 

■ Guaranteed 7A peak output current 

■ Guaranteed 5 A output current 

■ Adjustable output down to 1 .2V 

■ Guaranteed thermal regulation 

■ Current limit constant with temperature 

■ 100% electrical burn-in in thermal limit 

■ Output is short-circuit protected 

■ Guaranteed 1% output voltage tolerance (LM138A, 
LM338A) 

■ Guaranteed max. 0.01 %/V line regulation (LM138A, 
LM338A) 

■ Guaranteed max. 0.3% load regulation (LM138A, 
LM338A) 

Applications 

■ Adjustable power supplies 

■ Constant current regulators 

■ Battery chargers 


Connection Diagrams (See Physical Dimension section for further information) 


(TO-3 STEEL) 
Metal Can Package 



Bottom View 


TL/H/9060-30 


Order Number LM138AK STEEL/LM138K STEEL/ 
LM338AK STEEL/LM338K STEEL 
See NS Package Number K02A 


(TO-220) 
Plastic Package 

Vqut 


V|N 

VflUT 

ADJ 


TL/H/9080-31 

Front View 


O 


Order Number LM338AT/LM338T 
See NS Package Number T03B 
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LM 1 38A/LM 1 38/LM338 A/LM338 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

(Note 4) 

Power Dissipation Internally limited 

Input/Output Voltage Differential + 40V, - 0.3V 

Storage Temperature - 65°C to + 1 50°C 

Lead Temperature 

Metal Package (Soldering, 1 0 seconds) 300°C 

Plastic Package (Soldering, 4 seconds) 260°C 


ESD Tolerance 


TBD 


Operating Temperature Range 


LM138A/LM138 

LM338A 

LM338 


-55°C^Tj^ + 1 50°C 
— 40°C <; Tj <; + 1 25°C 
0°C^Tj^ + 1 25°C 


Preconditioning 

Thermal Limit Burn-In All Devices 1 00% 


Electrical Characteristics 

Specifications with standard type face are for Tj = 25°C, and those with boldface type apply over full Operating Tempera- 
ture Range. Unless otherwise specified, Vin - Vout = 5V; and Iqut = 10 mA. (Note 2) . 


Parameter 

Conditions 

LM138A 

LM138 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Reference Voltage 

louT “10 mA, Tj = 25°C 

1.238 

1.250 

1.262 




V 


3V ^ (V| N — Vqut) ^ 35V, 

10 mA ^ Iqut ^ 5A, P ^ 50W 

1.225 

1.250 

1.270 

1.19 

1.24 

1.29 

- V 

Line Regulation 

3V <; (V| N - Vqut) ^ 35V (Note 3) 


0.005 

0.01 


0.005 

0.01 

%/v 




0.02 

0.04 


0.02 

0.04 

%/v 

Load Regulation 

10 mA ^ Iqut) ^ 5V(Note 3) 


0.1 

0.3 


0.1 

0.3 

% 




0.3 

0.6 


0.3 

O' 6 


Thermal Regulation 

20 ms Pulse 


0.002 

0.01 





Adjustment Pin Current 



45 

IOO 


45 

100 

jwA 

Adjustment Pin Current Change 

10 mA ^ loUT ^ 5A, 

3V £ (V| N - Vqut) * 35V 


0.2 

5 


0.2 

5 

jaA 

Temperature Stability 

TmIN ^ Tj ^ TmaX 


1 



1 


% 

Minimum Load Current 

V|N ~ VoUT = 35V 


3.5 

5 


3.5 

5 

mA 

Current Limit 

V|N - VoUT ^ 10V 









DC 

5 

8 


5 

8 


A 


0.5 ms Peak 

7 

12 


7 

12 


A 


Vin “ Vout = 30V 



1 



1 

A 

RMS Output Noise, % of Vqut 

10 Hz ^f £ 10 kHz 


0.001 



0.003 


% 

Ripple Rejection Ratio 

Vout = 10V, f = 120 Hz, C AD J = o p,F 


60 



60 


dB 


Vout = 10V, f = 120 Hz, C AD j = 10 juF 

60 

75 


60 

75 


dB 

Long-Term Stability 

Tj = 125°C, lOOOHrs 



1 



1 

% 

Thermal Resistance, 

Junction to Case 

K Package 



1 



1 

°C/W 

Thermal Resistance, Junction to 
Ambient (No Heat Sink) 

K Package 


35 



35 


°c/w 
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Electrical Characteristics (Continued) 

Specifications with standard type face are for Tj = 25°C, and those with boldface type apply over full Operating Tempera- 
ture Range. Unless otherwise specified, V|n - Vqijt = 5V; and Iqijt = 10 mA. (Note 2) 


Parameter 

Conditions 

LM338A 

| LM338 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Reference Voltage 

Iout = 10 mA, Tj = 25°C 

1.238 

1.250 

1.262 




V 


3V £ (V| N - Vqut) * 35V, 

1 0 mA ^ Iout ^ 5A, P ^ 50W 

1.225 

1.250 

1,270 

1.19 

1.24 

1.29 

V 

Line Regulation 

3V ^ (V| N - Vqut) £ 35V (Note 3) 


0.005 

0.01 


0.005 

0.03 

%/v 




0.02 

0.04 


0.02 

0.06 

%/v 

Load Regulation 

10 mA £ Iout) ^ 5V (Note 3) 


0.1 

0.3 


0.1 

0.5 

% 




0.3 

0.6 


0.3 

1 

% 

Thermal Regulation 

20 ms Pulse 


0.002 

0.02 


0.002 

0.02 

%/w 

Adjustment Pin Current 



45 

100 


45 

100 

jtxA 

Adjustment Pin Current Change 

10 mA ^ Iout ^ 5A, 

3V ^ (V|N - Vqut) ^ 35V 


0.2 

5 


0.2 

5 

juA 

Temperature Stability 

Tmin ^ T J ^ t MAX 


1 



1 


% 

Minimum Load Current 

V|N “ v OUT = 35V 


3.5 

10 


3.5 

10 

mA 

Current Limit 

V|N - Vqut ^ 10V 









DC 

5 

8 


5 

8 


A 


0.5 ms Peak 

7 

12 


7 

12 


A 


Vin “ v OUT = 30V 



1 



1 

A 

RMS Output Noise, % of Vqut 

10Hz <;f ^ 10kHz 


0.001 



0.003 


% 

Ripple Rejection Ratio 

VoUT = 10V, f = 120 Hz, Cadj = 0 jutF 


60 



60 


dB 


VoUT = 10V, f = 1 20 Hz, C ADJ = 10 \x F 

60 

75 


60 

75 


dB 

Long-Term Stability 

Tj = 1 25°C, lOOOhrs 


0.3 

1 


0.3 

1 

% 

Thermal Resistance 

K Package 



1 



1 

°C/W 

Junction to Case 

T Package 



4 



4 

°c/w 

Thermal Resistance, Junction to 

K Package 


35 



35 


°c/w 

Ambient (No Heat Sink) 

T Package 


50 



50 


°c/w 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
Note 2: These specifications are applicable for power dissipations up to 50W for the TO-3 (K) package and 25W for the TO-220 (T) package. Power dissipation is 
guaranteed at these values up to 15V input-output differential. Above 15V differential, power dissipation will be limited by internal protection circuitry. All limits (i.e., 
the numbers in the Min. and Max. columns) are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 3: Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specifications for thermal regulation. 

Note 4: Refer to RETS138K drawing for military specifications of LM138K. 


Typical Performance Characteristics 


Current Limit 



Current Limit 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 



TL/H/9060-4 
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Typical Performance Characteristics (Continued) 


Load Regulation 
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Application Hints 

In operation, the LM138 develops a nominal 1.25V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current l-j then flows through the output set resistor R2, giv- 
ing an output voltage of 

v OUT = Vref (l + j— ) + <ADjR2. 


LM338 



Since the 50 juA current from the adjustment terminal repre- 
sents an error term, the LM138 was designed to minimize 
Iadj and make it very constant with line and load changes. 
To do this, all quiescent operating current is returned to the 
output establishing a minimum load current requirement. If 
there is insufficient load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 juF disc 
or 1 juF solid tantalum on the input is suitable input bypass- 
ing for almost all applications. The device is more sensitive 
to the absence of input bypassiing when adjustment or out- 
put capacitors are used but the above values will eliminate 
the possiblity of problems. 

The adjustment terminal can be bypassed to ground on the 
LM138 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10 juF bypass capacitor 75 dB ripple re- 
jection is obtainable at any output level. Increases over 
20 jllF do not appreciably improve the ripple rejection at 
frequencies above 120 Hz. If the bypass capacitor is used, it 
is sometimes necessary to include protection diodes to pre- 
vent the capacitor from discharging through internal low cur- 
rent paths and damaging the device. 

In general, the best type of capacitors to use are solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 jaF in aluminum electrolytic to equal 1 jllF 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies; but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, 0.01 /xF disc may seem to work better than 
a 0.1 /xF disc as a bypass. 

Although the LM138 is stable with no output capacitors, like 
any feedback circuit, certain values of external capacitance 
can cause excessive ringing. This occurs with values be- 
tween 500 pF and 5000 pF. A 1 jaF solid tantalum (or 25 /xF 
aluminum electrolytic) on the output swamps this effect and 
insures stability. 


Load Regulation 

The LM138 is capable of providing extremely good load reg- 
ulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240ft) should be tied directly to the output of the regula- 
tor (case) rather than near the load. This eliminates line 
drops from appearing effectively in series with the reference 
and degrading regulation. For example, a 15V regulator with 
0.05ft resistance between the regulator and load will have a 
load regulation due to line resistance of 0.05ft X l[_. If the 
set resistor is connected near the load the effective line 
resistance will be 0.05ft (1 + R2/R1) or in this case, 11.5 
times worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240ft set resistor. 


LM338 



FIGURE 2. Regulator with Line 
Resistance in Output Lead 


With the TO-3 package, it is easy to minimize the resistance 
from the case to the set resistor, by using 2 separate leads 
to the case. The ground of R2 can be returned near the 
ground of the load to provide remote ground sensing and 
improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 20 jaF capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there is enough energy to 
damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of V|n- In the LM138 this 
discharge path is through a large junction that is able to 
sustain 25A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 100 /xF 
or less at output of 15V or less, there is no need to use 
diodes. 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM138 is a 50ft resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25V 
or less and 10 juF capacitance. Figure 3 shows an LM138 
with protection diodes included for use with outputs greater 
than 25V and high values of output capacitance. 
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Application Hints (Continued) 


D1 

1N4002 



TL/H/9060-8 


Typical Applications 


D1 protects against Cl 
D2 protects against C2 


VOUT = 1-25V ^1 + + IadjR2 

FIGURE 3. Regulator with Protection Diodes 


Regulator and Voltage Reference 

LM338 



Temperature Controller 


LM338 



1.2V-25V Adjustable Regulator 

LM338 



Full output current not available 
at high input-output voltages 

l Optional— improves transient response. Output capacitors in the range of 
1 /xF to 1000 p.F of aluminum or tantalum electrolytic are commonly used 
to provide improved output impedance and rejection of transients. 
‘Needed if device is more than 6 inches from filter capacitors. 

ttV 0UT = 1.25V (l + S?) + l AD J (Rz> 

**R1 = 240ft for LM138. R1, R2 as an assembly can be ordered from 
Bourns: 

MIL part no. 7105A-AT2-502 
COMM part no. 7105A-AT7-502 
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Schematic Diagram 



LM138A/LM1 


Typical Applications (Continued) 


Precision Power Regulator with Low Temperature Coefficient 


V| W —I IN OUT 
1 ADJ 



•Adjust for 3.75 across R1 


Slow Turn-On 15V Regulator 


Adjustable Regulator with Improved Ripple Rejection 


V| N - +- V| N Vqut 
T ADJ 



tSolid tantalum 

"Discharges Cl if output is shorted to ground 
""R1 = 240ft for LM138 


High Stability 10V Regulator 


Digitally Selected Outputs 




"Sets maximum Vout 
*R 1 = 240ft for LM138 
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Typical Applications (Continued) 

15A Regulator 

LM338 R5 



5V Logic Regulator with Electronic Shutdown* 

LM338 



•Minimum output = 1.2V 


-TTL 


TL/H/9060-18 


Light Controller 

LM338 



0 to 22V Regulator 

LM338 



*R1 = 240ft, R2 = 5k for LM138 

Full output current not available 
at high input-output voltages 


TL/H/9060-17 


TL/H/9060-19 


TL/H/9060-1 1 













Typical Applications (Continued) 


Adjusting Multiple On-Card Regulators with Single Control* 

LM338 



TL/H/9060-25 



Simple 12V Battery Charger 



TL/H/9060-28 

*Rs— sets output impedance of charger Zout = Rs ^ 1 + 

Use of Rs allows low charging rates with fully charged battery. 

**The 1000 uF is recommended to filter out input transients 











National 

Semiconductor 


LM 1 40A/LM 1 40/LM340A/LM340 Series 
3-Terminal Positive Regulators 


General Description 

The LM140A/LM140/LM340A/LM340 series of positive 3- 
terminal voltage regulators are designed to provide superior 
performance as compared to the previously available 78XX 
series regulator. Computer programs were used to optimize 
the electrical and thermal performance of the packaged 1C 
which results in outstanding ripple rejection, superior line 
and load regulation in high power applications (over 1 5W). 
With these advances in design, the LM340 is now guaran- 
teed to have line and load regulation that is a factor of 2 
better than previously available devices. Also, all parame- 
ters are guaranteed at 1A vs 0.5A output current. The 
LM140A/LM340A provide tighter output voltage tolerance, 
±2% along with 0.01 %/V line regulation and 0.3%/A load 
regulation. 

Current limiting is included to limit peak output current to a 
safe value. Safe area protection for the output transistor is 
provided to limit internal power dissipation. If internal power 
dissipation becomes too high for the heat sinking provided, 
the thermal shutdown circuit takes over limiting die tempera- 
ture. 

Considerable effort was expended to make the LM140-XX 
series of regulators easy to use and minimize the number of 
external components. It is not necessary to bypass the out- 
put, although this does improve transient response. Input 
bypassing is needed only if the regulator is located far from 
the filter capacitor of the power supply. 

Although designed primarily as fixed voltage regulators, 
these devices can be used with external components to ob- 
tain adjustable voltages and currents. 

The entire LM140A/LM140/LM340A/LM340 series of regu- 
lators is available in the steel TO-3 power package. The 


LM340A/LM340 series is also available in the TO-220 plas- 
tic power package as well as an aluminum TO-3 package. 
For output voltages other than 5 V, 1 2 V, and 1 5V, the LM1 1 7 
and LM1 17HV series provide an output voltage range from 
+ 1.2V to + 57V. 

Features 

■ Complete specifications at 1A load 

■ Output voltage tolerances of ±2% at Tj = 25°C and 
±4% over the temperature range (LM140A/LM340A) 

■ Fixed output voltages available 5, 12, and 15V 

■ Line regulation of 0.01% of Vqut /v of AVin at 1A load 
(LM1 40A/LM340A) 

■ Load regulation of 0.3% of V 0 UT /A (LM140A/LM340A) 

■ Internal thermal overload protection 

■ Internal short-circuit current limit 

■ Output transistor safe area protection 

■ 100% thermal limit burn-in 

■ Special circuitry allows start-up even if output is pulled 
to negative voltage (± supplies) 


LM140 Series Package and Power Capability 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Output 

Current 

LM140/ 

LM340 

TO-3 (K) 

20W 

1.5A 

LM340 

TO-220 (T) 

15W 

1.5A 


Typical Applications 


Fixed Output Regulator 



’Required if the regulator is located far from the 
power supply filter. 

* ’Although no output capacitor is needed for sta- 
bility, it does help transient response. (If need- 
ed, use 0.1 /aF, ceramic disc). 


Adjustable Output Regulator 



VOUT = 5V + < 5WR1 + Iq) r 2 5V/R1 > 3 Iq, 
load regulation (L r ) ~ [(R1 + R2)/R1] (L r of 
LM340-5). 


Current Regulator 



'OUT = "rT + ,Q 

AIq = 1 .3 mA over line and load changes. 


1 
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LM140A/LM1 40/LM340A/LM340 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 3) 


Input Voltage (V 0 = 5V, 12V, 15V) 
Internal Power Dissipation (Note 1) 
Operating Temperature Range 0a) 
LM140A/LM140 
LM340A/LM340 


35V 

Internally Limited 

— 55°C to +125°C 
0°C to +70°C 


Maximum Junction Temperature 
(TO-3 Package K, KC) 

(TO-220 Package T) 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
TO-3 Package K, KC 
TO-220 Package T 
ESD Tolerance (Note 4) 


150°C 

150°C 

— 65°C to + 150°C 

300°C 

230°C 

2000V 


Electrical Characteristics LMi 40 A/LM 340 A(Note 2 ) 

Iqut = 1A, ~*55°C £ Tj £ + 1 50°C (LM140A), or 0°C £ Tj £ + 125°C (LM340A) unless otherwise specified 



Output Voltage 

5V 

12V 

15V 


Symbol 

Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 


Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C 

4.9 

5 

5.1 

11.75 

12 

12.25 

14.7 

15 

15.3 

V 



P D £ 15W,5mA £ l 0 <; 1A 

4.8 


5.2 

11.5 


12.5 

14.4 


15.6 

V 



Vmin ^ V| N £ Vmax 

(7.5£ V, N ^20)| 

C4 

VI 

z 

> 

VI 

GO 

(17.9 £ V| N £ 30) 1 

V 

AVq 

Line Regulation 

Iq = 500 mA 



10 



18 



22 1 

mV 



AV|n 


o 

CVl 

VI 

z 

> 

VI 

ID 

R 

CVJ 

> 

VI 

CO 

(17.9 £ V| N £ 30) | 

V 



Tj = 25°C 



3 

10 


4 

18 


4 

22 1 

mV 



av, n 


(7.5 £ V| N ^ 20) | 

(14.5 ^ V| N ^ 27)| 

(17.5 £ V|n ^ 30) | 

V 



Ti = 25°C 




4 



9 



10 

mV 



Over Temperature 1 



12 



30 



30 

mV 



AV| N 


(8 ^ V| N <; 12) 1 

(16 £ V| N £ 22) | 

(20 £ V| N £ 26) | 

V 

AV 0 

Load Regulation 

Tj = 25°C 

5 mA £ Iq ^ 1.5A 


10 

25 


12 

32 


12 

35 

mV 




250 mA ^ Iq ^ 750 mA 



15 



19 



21 

mV 



Over Temperature, 

5 mA £ Iq ^ 1 A 

25 

60 

75 

mV 

>Q 

Quiescent Current 

|Ti = 25°C 




6 



6 



6 

mA 



Over Temperature 



6.5 



6.5 



6.5 

mA 

AIq 

Quiescent Current 

5 mA £ Iq ^ 1A 

0.5 

0.5 

0.5 | 

mA 


Change 

Tj = 25°C, l 0 = 1 A 



0.8 



0.8 



0.8 

mA 



Vmin ^ Vin ^ Vmax 

| (7.5 ^ V 1N ^ 20) | 

| (14.8 £ Vim £27)1 

| (17.9 £ V| N £ 30) | 

V 



lo = 500 mA 



0.8 



• 0.8 



0.8 

mA 



Vmin ^ V| N £ v M ax 

(8 ^ V, N £ 25) 

(15 £ V| N ^ 30) 

(17.9 £ V| N £ 30) 

V 

v n 

Output Noise Voltage 

T a = 25°C, 10 Hz £ f £ 100 kHz 

40 

75 

90 

fiV 

AV| N 

Ripple Rejection 

Tj = 25°C, f = 120 Hz, l 0 = 1 A 

68 

80 


61 

72 


60 

70 


dB 

AVouT 


orf = 120 Hz, l 0 = 500 mA, 

Over Temperature, 

68 



61 



60 



dB 



v min ^ V| N £ v M ax 

| (8^V, n ^18) j 

| (15 £ V| N ^ 25) | 

|(18.5 £ V| N £ 28.5)| 

V 

Ro 

Dropout Voltage 

Tj = 25°C, l 0 = 1 A 


2.0 



2.0 



2.0 


V 


Output Resistance 

f = 1 kHz 



8 



18 



19 


mft 


Short-Circuit Current 

Tj = 25°C 



2.1 



1.5 



1.2 


A 


Peak Output Current 

Tj = 25° C 



2.4 



2.4 



2.4 


A 


Average TC of Vo 

Min, Tj = 0°C, Iq = 5 mA 


-0.6 



-1.5 



-1.8 


mV/°C 

V| N 

Input Voltage 
Required to Maintain 
Line Regulation 

Tj = 25°C 

7.5 

14.5 

17.5 

V 


Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of the TO-220 
package (T) is typically 4°C/W junction to case and SO’C/W case to ambient. 

Note 2: All characteristics are measured with a capacitor across the input of 0.22 jmF and a capacitor across the output of 0.1 jxF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w £ 10 ms, duty cycle £ 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 

Note 3: Refer to RETS140A-12K for LM140K-12, RETS140A-15K for LM140K-15, or RETS140A-05K for LM140K-5.0 military drawing specifications. 

Note 4: Human body model, 1.5 kn in series with 100 pF. 
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Electrical Characteristics LM140(Note2) -55°C <; Tj <; + 150°C unless otherwise specified 



Output Voltage 

5V 

12V 

15V 


Symbol 

Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 


Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C,5mA ^ l 0 <; 1A 

4.8 

5 

5.2 

11.5 

12 

12.5 

14.4 

15 

15.6 

v 



P D <; 1 5W, 5 mA <; l 0 ^ 1A 

4.75 


5.25 

11.4 


12.6 

14.25 


15.75 

V 



Vmin ^ V| N ^ V MAX 

1 (8 ^ V| N £ 20) | 

(15.5 £V| N <; 27)| 

(18.5 £ V| N <; 30) 

V 

AV 0 

Line Regulation 

lo = 500 mA 

Tj = 25°C 


3 

50 


4 

120 


4 

150 

mV 




AV| N 

| (7<;V| N £25) | 

(14.5 <; V| N <: 30) 1 

| (17.5 ^ Vin <; 30) | 

V 




— 55°C ^ Tj ^ +150°C 



50 



120 



150 

mV 




AV| N 

| (8^V, n ^20) | 

(15^ V| N ^27) | 

(18.5 <; V| N <; 30) 

V 



lo*1A 

Tj = 25°C 



50 



120 



150 

mV 




av 1n 

| (7.5 <; V, N £ 20) | 

r''- 

CM 

VI 

z 

> 

VI 

CD 

1 (17.7 ^ V| N ^ 30) | 

V 




— 55°C <; Tj £ + 1 50°C 



25 



60 



75 

mV 




AVin 

| (8 ^ V| N ^ 12) | 

| (16£V| N <;22) | 

1 (20 <; V| N ^ 26) | 

V 

AV 0 

Load Regulation 

Tj = 25°C 

5 mA ^ lo ^ 1.5A 


10 

50 


12 

120 


12 

150 

mV 




250 mA ^ Ip ^ 750 mA 



25 



60 



75 

mV 



— 55°C ^ Tj ^ 

+ 150°C, 5 mA <; l 0 £ 1/ 

50 

120 

150 

mV 

Iq 

Quiescent Current 

Iq ^ 1A 

Tj = 25°C 



6 



6 



6 

mA 




— 55°C ^ Tj ^ + 150°C 



7 



7 



7 

mA 

AIq 

Quiescent Current 

5 mA ^ lo ^ 1A 

0.5 

0.5 

0.5 

mA 


Change 

Tj = 25°C, l 0 ^ 1 A 



0.8 



0.8 



0.8 

mA 



Vmin ^ V| N ^ v M ax 

| (8 ^ V, N ^ 20) | 

| (15 £ V| N ^27) | 

1 (18.5 <: Vin ^ 30) | 

V 



I|q = 500 mA, 

-55°C £ Tj ^ +150°C 



0.8 



0.8 



0.8 

mA 



Vmin ^ Vin ^ Vmax 

(8 <; V| N £ 25) 

(15 ^ V| N <; 30) 

(18.5 ^ V| N <; 30) 

V 

v n 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 

40 

75 

90 

M'V 

AV| N 

Ripple Rejection 


ri 0 ^ 1 A, Tj = 25°C or 

68 

80 


61 

72 


60 

70 


dB 

AVout 


f = 120 Hz 

i lo ^ 500 mA, 
l — 55°C <; Tj ^ + 150°C 

68 



61 



60 



dB 



Vmin ^ V| N <; V MA x 

| (8 ^ V| N ^ 18) | 

| (15 ^ V| N <i 25) | 

(18.5 <; V| N <; 28.5) 

V 

Ro 

Dropout Voltage 

Tj = 25°C, l 0 = 

= 1 A 


2.0 



2.0 



2.0 


V 


Output Resistance 

f = 1 kHz 



8 



18 



19 


mft 


Short-Circuit Current 

Tj = 25°C 



2.1 



1.5 



1.2 


A 


Peak Output Current 

Tj = 25°C 



2.4 



2.4 



2.4 


A 


Average TC of Vouf 

0°C ^ Tj ^ + 150°C, l 0 = 5 mA 


-0.6 



-1.5 



-1.8 


mV/°C 

VlN 

Input Voltage 

Tj = 25°C, l 0 ^ 1 A 












Required to Maintain 
Line Regulation 



7.5 



14.6 



17.7 



V 


Note 2: All characteristics are measured with a capacitor across the input of 0.22 pF and a capacitor across the output of 0.1 /xF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w ^ 10 ms, duty cycle £ 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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LM140A/LM140/LM340A/LM340 




Electrical Characteristics LM340 (Note 2) 0°C £ Tj £ + 125°C unless otherwise specified 


© Symbol 


Output Voltage 

Input Voltage (unless otherwise noted) 


Parameter 


Output Voltage 


Conditions 


Tj = 25°C, 5 mA <; Ip £ 1A 
P D ^ 1 5W, 5 mA <: l 0 <: 1A 
Vmin ^ V| N ^ Vmax 


Min Tvd Max Min Tvd Max 



4.8 5 

4.75 5.25 


5.2 11.5 
11.4 


12.5 14.4 

12.6 14.25 


(7.5 £ V| N £ 20) (14.5 £ V| N <£ 27) (17.5 <; V tN <; 30) 



Line Regulation 

Ip = 500 mATj = 25°C 

av, n 

3 50 

(7 <; Vim £ 25) 

4 120 

(14.5 <; V| N <; 30) 

4 150 

(17.5 <; V| N £ 30) 


0°C ^ Tj ^ + 125°C 

. . av, n 

50 

(8 £ V| N £ 20) 

120 

(15 <; V| N ^ 27) 

150 

(18.5 £ V| N <; 30) 


Ip £ 1A Tj = 25°C 

50 

120 

150 


AV, n 

(7.5 ^ V|fs| <. 20) 

cvi 

VI 

z 

> 

VI 

CD 

(17.7 <; V| N <; 30) 


0°C ^ Tj ^ + 125°C 

25 

60 

75 


. AV, n 

(8 £ V IN £ 12) 

(16 * V, N £ 22) 

(20 <; V IN £ 26) 



Load Regulation Tj = 25°C 5 mA ^ Ip £ 1.5A 

250 mA ^ Ip ^ 750 mA 

|5 mA £ l 0 £ 1A, 0°C ^ Tj ^ + 125°C 


Quiescent Current Iq ^ 1A 


0°C£Ti<; +125°C 


AIq Quiescent Current |5 mA ^ Ip ^ 1A 

Change Tj = 25°C, Ip <; 1A 

Vmin ^ Vin ^ Vmax 

= 500 mA, 0°C £ Tj <; +125°C 

^in ^ V| N ^ v M ax 


Vn Output Noise Voltage Ta = 25°C, 10 Hz £ f ^ 100 kHz 


AVin Ripple Rejection 
AVout 


Dropout Voltage 
Output Resistance 


|(7.5 <; V (N £ 20)|(14.8 <; V| N £ 27)| (17.9 £ V iN <; 30) 





Tj = 25°C, Ip = 
f = 1 kHz 


Short-Circuit Current Tj = 25°C 
Peak Output Current Tj = 25°C 

Average TC of Vpur 0°C £ Tj £ +125°C, Ip 


(8 £ V| N £ 18) I (15 £ V| N ^ 25) | (18.5 <; V| N 28.5) 

2.0 
19 
1.2 
2.4 

-1.8 i 


Input Voltage 
Required to Maintain 
Line Regulation 


= 25°C, Ip <; 1A 



Note 2: All characteristics are measured with a capacitor across the input of 0.22 /iF and a capacitor across the output of 0.1 /j.F. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w £ 10 ms, duty cycle £ 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


Maximum Average Power 
Dissipation 



0 25 50 75 

AMBIENT TEMPERATURE <°C) 


Peak Output Current 



0 5 10 15 20 25 30 35 

INPUT TO OUTPUT DIFFERENTIAL (V) 


Output Voltage (Normalized 
to IV at Tj = 25°C) 



-75 -50 -25 0 25 50 75 100 125 150 


JUNCTION TEMPERATURE (°C) 


Ripple Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hzl 


Ripple Rejection 



























1 = 1 
V|,\| 

iou 
t r 

20 Hz 

-V 0U T 

r = 1A 
25 C 

1 

8 Vq C + 3.5 Vr 

1 

IM 


5 10 15 20 25 

OUTPUT VOLTAGE (V) 


Note: Shaded area refers to LM340A/LM340. 


Output Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Dropout Voltage 






AVguT = 1MmV | 



■ 

■ 

m 

inn 

HU 

■11 

SI 




r? 

30 

m. 

** 









£» 


fite 

fit 

m 

Sjj 

ift 






mm. 





i* 

m 

1 



■ 

■ 

■ 

m 

■ 






:: 



I. 






_ 

_ 

I 

U 




-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 

Note: Shaded area refers to LM340A/LM340. 


Dropout Characteristics 



0 2 4 6 0 10 

INPUT VOLTAGE (V) 


Quiescent Current 



J.O ■ ■ M l.l-lll.il. 

-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Note: Shaded area refers to LM340A/LM340. 


Quiescent Current 



5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 


TL/H/7781-4 
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LM 1 40A/LM 1 40/LM340A/LM340 





Typical Performance Characteristics (Continued) 


Load Regulation 

140AK-5.0, V| N = 10V, T a = 25°C 


OUTPUT VOLTAGE 


Line Regulation 

140AK-5.0, Iqut = 1A,T a = 25°C 


: output voltage 


OUTPUT CURRENT: 


TIME (5 ms/DIV) 


Equivalent Schematic 


Q £ 
TL/H/7781-5 


tiMPUT VOITAGE 


TIME (5 ms/DIV) 



1-126 


INPUT VOLTAGE (V) 



Application Hints 

The LM340 is designed with thermal protection, output 
short-circuit protection and output transistor safe area pro- 
tection. However, as with any 1C regulator, it becomes nec- 
essary to take precautions to assure that the regulator is not 
inadvertently damaged. The following describes possible 
misapplications and methods to prevent damage to the reg- 
ulator. 

Shorting the Regulator Input: When using large capaci- 
tors at the output of these regulators, a protection diode 
connected input to output (Figure 1) may be required if the 
input is shorted to ground. Without the protection diode, an 
input short will cause the input to rapidly approach ground 
potential, while the output remains near the initial Vqut be- 
cause of the stored charge in the large output capacitor. 
The capacitor will then discharge through a large internal 
input to output diode and parasitic transistors. If the energy 
released by the capacitor is large enough, this diode, low 
current metal and the regulator will be destroyed. The fast 
diode in Figure 1 will shunt most of the capacitors discharge 
current around the regulator. Generally no protection diode 
is required for values of output capacitance ^ 1 0 juF. 


D 



Raising the Output Voltage above the Input Voltage: 

Since the output of the LM340 does not sink current, forcing 
the output high can cause damage to internal low current 
paths in a manner similar to that just described in the 
"Shorting the Regulator Input” section. 

Regulator Floating Ground (Figure 2 ) : When the ground 
pin alone becomes disconnected, the output approaches 
the unregulated input, causing possible damage to other cir- 
cuits connected to Vqut- If ground is reconnected with pow- 
er "ON”, damage may also occur to the regulator. This fault 
is most likely to occur when plugging in regulators or mod- 
ules with on card regulators into powered up sockets. Power 
should be turned off first, thermal limit ceases operating, or 
ground should be connected first if power must be left on. 
Transient Voltages: If transients exceed the maximum rat- 
ed input voltage of the 340, or reach more than 0.8V below 
ground and have sufficient energy, they will damage the reg- 
ulator. The solution is to use a large input capacitor, a series 
input breakdown diode, a choke, a transient suppressor or a 
combination of these. 



TL/H/7781-9 

FIGURE 2. Regulator Floating Ground 






1-127 


LM 1 40A/LM 1 40/LM340A/LM340 



LM1 40A/LM 1 40/LM340A/LM340 


Connection Diagrams 

TO-3 Metal Can Package (K and KC) 



TL/H/7781-11 

Bottom View 

Steel Package Order Numbers: 
LM140AK-5.0 LM140K-5.0 LM340AK-5.0 LM340K-5.0 
LM140AK-12 LM140K-12 LM340AK-12 LM340K-12 
LM140AK-15 LM140K-15 LM340AK-15 LM340K-15 
See Package Number K02A 

Aluminum Package Order Numbers: 
LM340KC-5.0 
LM340KC-12 
LM340KC-15 

See Package Number KC02A 


TO-220 Power Package (T) 


GND 




o 






....J bWU 





Top View 


TL/H/7781 -12 


Plastic Package Order Numbers: 
LM340AT-5.0 LM340T-5.0 
LM340AT-12 LM340T-12 

LM340AT-15 LM340T-15 

See Package Number T03B 
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National 

Semiconductor 


LM140L/LM340L Series 3-Terminal Positive Regulators 


General Description 

The LM140L series of three terminal positive regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. The LM140LA is an 
improved version of the LM78LXX series with a tighter out- 
put voltage tolerance (specified over the full military temper- 
ature range), higher ripple rejection, better regulation and 
lower quiescent current. The LM140LA regulators have 
±2% Vqut specification, 0.04%/V line regulation, and 
0.01 %/mA load regulation. When used as a zener diode/re- 
sistor combination replacement, the LM140LA usually re- 
sults in an effective output impedance improvement of two 
orders of magnitude, and lower quiescent current. These 
regulators can provide local on card regulation, eliminating 
the distribution problems associated with single point regu- 
lation. The voltages available allow the LM1 40LA to be used 
in logic systems, instrumentation, Hi-Fi, and other solid state 
electronic equipment. Although designed primarily as fixed 
voltage regulators, these devices can be used with external 
components to obtain adjustable voltages and currents. 
The LM140LA/LM340LA are available in the low profile 
metal three lead TO-39 (H) and the LM340LA are also avail- 
able in the plastic TO-92 (Z). With adequate heat sinking the 
regulator can deliver 100 mA output current. Current limiting 
is included to limit the peak output current to a safe value. 
Safe area protection for the output transistor is provided to 
limit internal power dissipation. If internal power dissipation 


becomes too high for the heat sinking provided, the thermal 
shut-down circuit takes over, preventing the 1C from over- 
heating. 

For applications requiring other voltages, see LM1 17L Data 
Sheet. 

Features 

■ Line regulation of 0.04%/V 

■ Load regulation of 0.01 %/mA 

■ Output voltage tolerances of ±2% at Tj = 25°C and 
±4% over the temperature range (LM140LA) 

±3% over the temperature range (LM340LA) 

■ Output current of 100 mA 

■ Internal thermal overload protection 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in metal TO-39 low profile package 
(LM1 40LA/LM340LA) and plastic TO-92 (LM340LA) 


Output Voltage Options 


LM140LA-5.0 

5V 

LM340LA-5.0 

5V 

LM140LA-12 

12V 

LM340LA-12 

12V 

LM140LA-15 

15V 

LM340LA-15 

15V 


Connection Diagrams 


TO-39 Metal Can Package (H) 



Order Number LM140LAH-5.0, LM140LAH-12, LM140LAH-15, 
LM340LAH-5.0, LM340LAH-12 or LM340LAH-15 
See NS Package Number H03A 



TL/H/7782-3 


Order Number LM340LAZ-5.0, LM340LAZ-12 or LM340LAZ-15 
See NS Package Number Z03A 
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LM140L/LM340L 



LM140L/LM340L 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 5) 

Input Voltage 

5.0V, 1 2 V, 1 5V Output Voltage Options 35V 

Internal Power Dissipation (Note 1) Internally Limited 


Operating Temperature Range 
LM140LA 
LM340LA 


— 55°C to + 1 25°C 
0°C to +70°C 


Maximum Junction Temperature 
Storage Temperature Range 
Metal Can (H package) 
Molded TO-92 


+ 1 50°C 

— 65°C to +150°C 

— 55°C to +150°C 


Lead Temperature (Soldering, 1 0 sec.) + 300°C 

Plastic TO-92 + 230°C 


Electrical Characteristics (Note 2 ) 

Test conditions unless otherwise specified. Ta = -55°C to + 125°C (LM140LA), Ta = 0°C to +70°C (LM340LA), I q = 40 mA, 
C||\j = 0.33 jutF, Cq = 0.01 ju,F. 


Output Voltage Option 

5.0V 

12V 

15V 

Units 

Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Min Typ Max 

Min Typ Max 


Output Voltage 

Tj = 25°C 

4.9 5 5.1 

11.75 12 12.25 

14.7 15 15.3 

V 


Output Voltage 
Over Temp. 

(Note 4) 

LM140LA l 0 = 1 - 100 mA 

4.8 5.2 

11.5 12.5 

14.4 15.6 


(14.5-27) 

(17.6-30) 

LM340LA l 0 = 1 - 100mA or 

Iq = 1 - 40 mA and 

V| N — ()V 


11.65 12.35 

14.55 15.45 


(14.3-27) 

(17.5-30) 

AV 0 

Line Regulation 

Tj = 25°C 

— o 

< 3 
> 

18 30 

30 65 

37 70 

mV 


(14.2-30) 

(17.3-30) 

lo = 100 mA 

V| N = ()V 

18 30 

30 65 

37 70 


(14.5-30) 

(17.5-30) 


Load Regulation 

Tj = 25°C l 0 = 1 - 40 mA 
l 0 = 1 - 100 mA 

5 20 

10 40 

12 50 

20 40 

30 80 

35 100 


Long Term 
Stability 


12 

24 

30 

mV 

1000 hrs 

•o 

Quiescent 

Current 

Tj = 25°C 

Tj = 125°C 

3 4.5 

3 4.5 

3.1 4.5 

mA 

4.2 

4.2 

4.2 

AIq 

Quiescent 
Current Change 

Tj = 25°C 

ALoad lo = 1 - 40 mA 

0.1 

0.1 

0.1 

mA 

A Line 

V| N = ()V 

0.5 

0.5 

0.5 

(7.5-25) 

(14.3-30) 

(17.5-30) 

v n 

Output Noise 
Voltage 

Tj = 25°C (Note 3) 
f = 10 Hz-10 kHz 

40 

80 

90 



Ripple Rejection 

f = 120 Hz, V| N = ()V 

55 62 

47 54 

45 52 

dB 

(7.5-18) 

(14.5-25) 

(17.5-28.5) 


Input Voltage 
Required to 
Maintain Line 
Regulation 

Tj = 25°C, l 0 = 40 mA 

7 

14.2 

17.3 

V 


Note 1: Thermal resistance of H-package is typically 26°C/W 0jc, 250°C/W 0jA still air, and 94°C/W 0jA 400 If/min of air. For the Z-package is 60°C/W 0jc, 232°C/ 
W 0jA still air, and 88°C/W 0jA at 400 If/min of air. The maximum junction temperature shall not exceed 125°C on electrical parameters. 


Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 
above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 


Note 3: It is recommended that a minimum load capacitor of 0.01 |uF be used to limit the high frequency noise bandwidth. 

Note 4: The temperature coefficient of Vout is typically within 0.01 % Vo/°C. 

Note 5: Refer to RETS140-12H for LM140LAH-12, RETS140-15H for LM140LAH-15 or RETS140-15H for LM140LAH-5.0 military specification. 
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National 

Semiconductor 


LM145/LM345 Negative Three Amp Regulator 


General Description 

The LM145 is a three-terminal negative regulator with a 
fixed output voltage of -5V or -5.2V, and up to 3A load 
current capability. This device needs only one external com- 
ponent — a compensation capacitor at the output, making it 
easy to apply. Worst case guarantees on output voltage de- 
viation due to any combination of line, load or temperature 
variation assure satisfactory system operation. 

Exceptional effort has been made to make the LM145 im- 
mune to overload conditions. The regulator has current lim- 
iting which is independent of temperature, combined with 
thermal overload protection. Internal current limiting pro- 
tects against momentary faults while thermal shutdown pre- 
vents junction temperatures from exceeding safe limits dur- 
ing prolonged overloads. 

Although primarily intended for fixed output voltage applica- 
tions, the LM145 may be programmed for higher output volt- 
ages with a simple resistive divider. The low quiescent drain 


current of the device allows this technique to be used with 
good regulation. 

The LM145 comes in a hermetic TO-3 package rated at 
25W. A reduced temperature range part LM345 is also avail- 
able. 

Features 

■ Output voltage accurate to better than ±2% 

■ Current limit constant with temperature 

■ Internal thermal shutdown protection 

■ Operates with input-output voltage differential of 2.8V at 
full rated load over full temperature range 

■ Regulation guaranteed with 25W power dissipation 

■ 3A output current guaranteed 

■ Only one external component needed 

■ 100% electrical burn-in 




TL/H/7785-1 


145/LM345 





LM145/LM345 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 3) 

Input Voltage 20V 

Input-Output Differential 20V 


Power Dissipation 


Internally Limited 


Operating Junction Temperature Range 
LM145 
LM345 


— 55°C to + 1 50°C 
0°Cto +125°C 


Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 


Electrical Characteristics <-sv & -5.2V) (Note d 


Parameter 

Conditions 

Limits 

Units 

LM145 

LM345 

Min 

Typ 

Max 

Min 

Typ 


Output Voltage 

5.0V 

5.2V 

Tj = 25°C, Iout = 5 mA, 

V| N = -7.5 

-5.1 

-5.3 






V 

V 

Line Regulation (Note 2) 

Tj = 25°C 

-20V ^ V| N £ -7.5V 



15 




mV 

Load Regulation (Note 2) 

Tj = 25°C, V| N = -7.5V 

5 mA <; Iqut ^ 3A 


jj | 



30 


mV 

Output Voltage 

5.0V 

5.2V 

-20V <; V| N <; — 7.8V 

5 mA <; Iqut ^ 3A 
p <; 25W 

TmIN ^ Tj ^ Tmax 

-5.20 

-5.40 


-4.80 

-5.00 

-5.25 

-5.45 


-4.75 

-4.95 

V 

V 

Quiescent Current 

-20V <; V| N ^ -7.5V 

5 mA ^ loUT ^ 3A 


1.0 

3.0 


1.0 


mA 

Short Circuit Current 

V| N = -7.5V, Tj = +25°C 
V| N = -20 V, Tj = + 25°C 


4 

2 

5.5 

3.5 


4 

2 

5.5 

3.5 

A 

A 

Output Noise Voltage 






150 


jaV 




5 

50 


5 

50 

mV 

Thermal Resistance 
Junction to Case 



2 



2 


°C/W 


Note 1: Unless otherwise specified, these specifications apply: -55°C ^ Tj £ +150°C for the LM145 and 0°C £ Tj ^ +125°C for the LM345. Vin = 7.5V and 
loUT = 5 mA. Although power dissipation is internally limited, electrical specifications apply only for power levels up to 25W. For calculations of junction 
temperature rise due to power dissipation, use a thermal resistance of 35°C/W for the TO-3 with no heat sink. With a heat sink, use 2°C/W for junction to case 
thermal resistance. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To 
ensure constant junction temperature, pulse testing with a low duty cycle is used. 

Note 3: Refer to RETS145K-5.2V for LM145K-5.2V or RETS145K-5V for LM145K-5.0 military specifications. 


Connection Diagram 

Metal Can Package 


Typical Applications 

Fixed Regulator 



INPUT 

(CASE) 


TL/H/7785-2 


Order Number LM145K-5.0, 
LM345K-5.0, LM145K-5.2, 
or LM345K-5.2 

See NS Package Number K02A 




— p '' 1 - ' -p" 

INPUT 0—1— LM145 —1—0 


± C2t 
4.7 fxF 

SOLID TANTALUM 


OUTPUT 


TL/H/7785-3 

tRequired for stability. For value given, capacitor must be solid tantalum. 
50 juF aluminum electrolytic may be substituted. Values given may be in- 
creased without limit. 

* Required if regulator is separated from filter capacitor. For value given, ca- 
pacitor must be solid tantulum. 50 ju-F aluminum electrolytic may be substi- 
tuted. 
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T IMPEDANCE (OHMS) 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation for LM145 


Maximum Average Power 
Dissipation for LM345 


ISEsSSSISI 


iSSi 


Ripple Rejection 



t a - ambient temperature rcj 


Output Impedance 

10 q = =p ■ = 

~ (out " 100 mA = 

Z V IN =-10V z~ 

— T, = 25*C 

\ _ Cout = 4.7pF 

= SOLID TANTALUM ===2! 


T a - AMBIENT TEMPERATURE (*C) 

Minimum Input-Output 
Voltage Differential 


» - FREQUENCY (Hz) 


Output Voltage vs 
Temperature 
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LM145/LM345 


Typical Applications (Continued) 

High Stability Regulator 


5 V £ V+ <; 25V 
(UNREGULATED) 



tKeep C4 within 2" of LM345. 

**D2 sets initial output voltage accuracy. The LM113 is available in -5, -2, and -1% tolerance. 

— 2V ECL Termination Regulator 


Dual 3 Amp Trimmed Supply 


Variable Output (-5.0V to - 15V) 


-O +5.0V 



o -5.0V 


"Optional. Improves transient 
response and ripple rejection. 



Vout = -5V 


p* 2 ) 
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52 National 


Semiconductor 

LM150A/LM150, LM350A/LM350 
3-Amp Adjustable Regulators 


General Description 

The LM150 series of adjustable 3-terminal positive voltage 
regulators is capable of supplying in excess of 3A over a 
1.2V to 33V output range. They are exceptionally easy to 
use and require only 2 external resistors to set the output 
voltage. Further, both line and load regulation are compara- 
ble to discrete designs. Also, the LM150 is packaged in 
standard transistor packages which are easily mounted and 
handled. 

In addition to higher performance than fixed regulators, the 
LM1 50 series offers full overload protection available only in 
IC’s. Included on the chip are current limit, thermal overload 
protection and safe area protection. All overload protection 
circuitry remains fully functional even if the adjustment ter- 
minal is accidentally disconnected. 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An output capaci- 
tor can be added to improve transient response, while by- 
passing the adjustment pin will increase the regulator’s rip- 
ple rejection. 

Besides replacing fixed regulators or discrete designs, the 
LM1 50 is useful in a wide variety of other applications. Since 
the regulator is “floating” and sees only the input-to-output 
differential voltage, supplies of several hundred volts can be 
regulated as long as the maximum input to output differen- 
tial is not exceeded, i.e., avoid short-circuiting the output. 
By connecting a fixed resistor between the adjustment pin 
and output, the LM150 can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 


which programs the output to 1.2V where most loads draw 
little current. 

The part numbers in the LM1 50 series which have a K suffix 
are packaged in a standard Steel TO-3 package, while 
those with a T suffix are packaged in a TO-220 plastic pack- 
age. The LM150A/LM150 are rated for -55°C <; Tj £ 
+ 150°C, while the LM350A is rated for -40°C £ Tj ^ 
+ 1 25°C, and the LM350 is rated for 0°C ^ Tj ^ +125°C. 

Features 

■ Adjustable output down to 1.2V 

■ Guaranteed 3 A output current 

■ Guaranteed thermal regulation 

■ Output is short circuit protected 

■ Current limit constant with temperature 

■ 100% electrical burn-in in thermal limit 

■ 86 dB ripple rejection 

■ Guaranteed 1 % output voltage tolerance 
(LM150A, LM350A) 

■ Guaranteed max. 0.01 %/V line regulation 
(LM150A, LM350A) 

■ Guaranteed max. 0.3% load regulation 
(LM150A, LM350A) 

Applications 

■ Adjustable power supplies 

■ Constant current regulators 

■ Battery chargers 


Connection Diagrams 


(TO-3 STEEL) 
Metal Can Package 



Bottom View 

Order Number LM150AK STEEL, LM150K STEEL, 
LM350AK STEEL or LM350K STEEL 
See NS Package Number K02A 


(TO-220) 
Plastic Package 

Vqut 


V|N 
v 0UT 
ADJ 

TL/H/9061-5 

Front View 

Order Number LM350AT or LM350T 
See NS Package Number T03B 


O 
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LM 1 50A/LM 1 50/LM350 A/LM350 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 4) 


Power Dissipation 
Input-Output Voltage Differential 
Storage Temperature 
Lead Temperature 
Metal Package (Soldering, 1 0 sec.) 
Plastic Package (Soldering, 4 sec.) 


Internally Limited 
+ 35V 

— 65°C to + 1 50°C 


300°C 

260°C 


ESD Tolerance 

Operating Temperature Range 
LM150A/LM150 
LM350A 
LM350 


TBD 


-55°C<;Tj <£ + 150°C 
-40°C^Tj ^ + 125°C 
0°C^Tj<£ + 1 25°C 


Preconditioning 

Thermal Limit Burn-In All Devices 100% 


Electrical Characteristics 

Specifications with standard type face are for Tj = 25°C, and those with boldface type apply over full Operating Tempera- 
ture Range. Unless otherwise specified, Vin - Vqut = 5V, and Iout = 10 mA - (Note 2) 


Parameter 

Conditions 

LM150A 

LM150 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Reference Voltage 

louT = 1 0 rnA, Tj = 25°C 







V 


3V ^ (V| N - V 0 ut) £ 35V, 

1 0 mA ^ Iqut ^ 3A, P ^ 30W 

1.225 

1.250 

1.270 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V ^ (V|N - V 0 ut) £ 35V (Note 3) 


0.005 

0.01 




%/v 




0.02 

0.05 


0.02 

0.05 

%/v 

Load Regulation 

10 mA ^ Iqut ^ 3A (Note 3) 


tm 



m 

mu 

% 





1 


UJ 

i 

% 

Thermal Regulation 

20 ms Pulse 







%/w 

Adjustment Pin Current 






m 

HSf 

jaA 

Adjustment Pin Current Change 

10 mA £ Iqut ^ 3A, 3V <£ (V| N - Vqut) ^ 35V 


E9 

wm 


m 

5 

jaA 

Temperature Stability 

TmIN ^ Tj ^ TmaX 


1 



i 


% 

Minimum Load Current 

Vin " VoUT = 35V 



5 , 


m 

D 

mA 

Current Limit 

Vin “ Vqut ^ iov 

3.0 


| 




A 


V|N “ v OUT = 30V 

0.3 




HI 

1 

A 

RMS Output Noise, % of Vqut 

10 Hz^f^ 10 kHz 


HH 



0.001 


% 

Ripple Rejection Ratio 

V 0 ut = 10V, f = 120 Hz, C ADJ = 0 p,F 


Mm 



65 


dB 


V 0 UT = 10V, f = 120 Hz, C ADJ = 10 juF 

66 

86 


66 

86 


dB 

Long-Term Stability 

Tj = 125°C, lOOOhrs 

1 


1 


BHI 

1 

% 

Thermal Resistance, Junction 
to Case 

K Package 

■ 



■ 




Thermal Resistance, Junction 
to Ambient (No Heat Sink) 

K Package 


35 

■ 

■ 


■ 

°C/W 
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Electrical Characteristics (Continued) 

Specifications with standard type face are for Tj = 25°C, and those with boldface type apply over full Operating Tempera- 
ture Range. Unless otherwise specified, Vin - Vout = 5V, and Iqlit = 1° mA - (Note 2) (Continued) 


Parameter 

Conditions 

LM350A 

LM350 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Reference Voltage 

Iout = 10 mA, Tj = 25°C 

1.238 

1.250 

1.262 




V 


3V ^ (V| N - Vqut) ^ 35V, 

10 mA ^ Iqut ^ 3A, P ^ 30W 

1.225 







Line Regulation 

3V £ (V| N - Vout) ^ 35V (Note 3) 




Ml 


HU 





0.02 

0.05 



EH 

%/v 

Load Regulation 

10 mA £ Iqut ^ 3A (Note 3) 


0.1 

0.3 


0.1 

0.5 

% 





1 



KB 1 


Thermal Regulation 

20 ms Pulse 


0.002 



0.002 

0.03 


Adjustment Pin Current 



50 




IOO 

fxA 

Adjustment Pin Current Change 

10 mA ^ Iqut ^ 3A, 3V <; (V| N - Vqut) ^ 35V 


31 

5 


BP 1 

D 

julA 

Temperature Stability 

t MIN ^ Tj ^ T MAX 


1 



1 


% 

Minimum Load Current 

V|N “ Vqut = 35V 


3.5 

10 



B3 

mA 

Current Limit 

V|N - Vqut ^ 10V 

3.0 

4.5 




■ 

A 


V| N - Vout = 30V 

0.3 

1 

nm 


n 

1 

A 

RMS Output Noise, % of Vqut 

10 Hz ^ f ^ 10 kHz 


0.001 



0.001 


% 

Ripple Rejection Ratio 

Vout = 10V, f = 120 Hz, C AD j = 0 juF 


65 





dB 


Vout = lOV.f = 120 Hz, C ADJ = 10 

El 



66 

86 


dB 

Long-Term Stability 

Tj = 1 25°C, 1000 hrs 



mm 


rm 

1 

% 

Thermal Resistance, Junction 

K Package 

Hj 

■9 

KH 

■ 

1.2 

m 


to Case 

T Package 


II 

n 

■ 

3 

Kfl 


Thermal Resistance, Junction 

K Package 


35 



35 


°C/W 

to Ambient (No Heat Sink) 

T Package 


50 



50 


°C/W 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
Note 2: These specifications are applicable for power dissipations up to 30W for the TO-3 (K) package and 25W for the TO-220 (T) package. Power dissipation is 
guaranteed at these values up to 1 5V input-output differential. Above 1 5 V differential, power dissipation will be limited by internal protection circuitry. All limits (i.e., 
the numbers in the Min. and Max. columns) are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 3: Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specifications for thermal regulation. 

Note 4: Refer to RETS150K drawing for military specifications of the LM150K. 
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FREQUENCY (Hz) 

TIME tus) 

TIME (/is) 



TL/H/9061-6 





Application Hints 

In operation, the LM150 develops a nominal 1.25V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current li then flows through the output set resistor R2, giv- 
ing an output voltage of 

Vqut = Vref (l + + Iadj R2. 


LM150 



TL/H/9061-7 

FIGURE 1 

Since the 50 juA current from the adjustment terminal repre- 
sents an error term, the LM150 was designed to minimize 
Iadj and make it very constant with line and load changes. 
To do this, all quiescent operating current is returned to the 
output establishing a minimum load current requirement. If 
there is insufficient load on the output, the output will rise. 

EXTERNAL CAPACITORS 

An input bypass capacitor is recommended. A 0.1 fxF disc 
or 1 juF solid tantalum on the input is suitable input bypass- 
ing for almost all applications. The device is more sensitive 
to the absence of input bypassing when adjustment or out- 
put capacitors are used but the above values will eliminate 
the possibility of problems. 

The adjustment terminal can be bypassed to ground on the 
LM150 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10 jxF bypass capacitor 86 dB ripple re- 
jection is obtainable at any output level. Increases over 
10 juF do not appreciably improve the ripple rejection at 
frequencies above 120 Hz. If the bypass capacitor is used, it 
is sometimes necessary to include protection diodes to pre- 
vent the capacitor from discharging through internal low cur- 
rent paths and damaging the device. 

In general, the best type of capacitors to use is solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 /xF in aluminum electrolytic to equal 1 /xF 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies, but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, 0.01 jllF disc may seem to work better than 
a 0.1 jaF disc as a bypass. 

Although the LM150 is stable with no output capacitors, like 
any feedback circuit, certain values of external capacitance 
can cause excessive ringing. This occurs with values be- 
tween 500 pF and 5000 pF. A 1 /xF solid tantalum (or 25 jaF 
aluminum electrolytic) on the output swamps this effect and 
insures stability. 


LOAD REGULATION 

The LM1 50 is capable of providing extremely good load reg- 
ulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240ft) should be tied directly to the output (case) of the 
regulator rather than near the load. This eliminates line 
drops from appearing effectively in series with the reference 
and degrading regulation. For example, a 15V regulator with 
0.05ft resistance between the regulator and load will have a 
load regulation due to line resistance of 0.05ft X Iqlit- If 
the set resistor is connected near the load the effective line 
resistance will be 0.05ft (1 + R2/R1) or in this case, 11.5 
times worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240ft set resistor. 

LM150 



TL/H/9061-8 

FIGURE 2. Regulator with Line Resistance 
in Output Lead 

With the TO-3 package, it is easy to minimize the resistance 
from the case to the set resistor, by using two separate 
leads to the case. The ground of R2 can be returned near 
the ground of the load to provide remote ground sensing 
and improve load regulation. 

PROTECTION DIODES 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 10 /xF capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there Is enough energy to 
damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge Into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of V|n« In the LM150, this 
discharge path is through a large junction that is able to 
sustain 25A surge with no problem. This Is not true of other 
types of positive regulators. For output capacitors of 25 juF 
or less, there is no need to use diodes. 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM150 is a 50ft resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25V 
or less and 10 jaF capacitance. Figure 3 shows an LM150 
with protection diodes included for use with outputs greater 
than 25V and high values of output capacitance. 
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LM 1 50A/LM 1 50/LM350A/LM350 


Application Hints (Continued) 


D1 

IN 4002 



FIGURE 3. Regulator with Protection Diodes 


D1 protects against Cl 
D2 protects against C2 


V OU T = 1-25V 


(■* 5 ) 


+ IadjR2 


TL/H/9061-9 


Schematic Diagram 



Typical Applications 


1.2V— 25V Adjustable Regulator 
LM150 



Full output current not available 
at high input-output voltages. 

tOptional— improves transient response. Output capacitors in the range of 1 
jxF to 1 000 /j-F of aluminum or tantalum electrolytic are commonly used to 
provide improved output impedance and rejection of transients. 

"Needed if device is more than 6 inches from filter capacitors. 

ttVoUT = 1.2S V (l + S?) + lADJ (R2) 

Note: Usually R1 = 240ft for LM150 and FI1 = 120ft for LM350. 
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Typical Applications (Continued) 

Precision Power Regulator with Slow Turn-ON 1 5 V Regulator 

Low Temperature Coefficient lmiso 




Adjustable Regulator with Improved 
Ripple Rejection 

LM150 



tSoiid tantalum 

‘Discharges Cl if output is shorted to ground 


TL/H/9061-15 


High Stability 10V Regulator 

LM150 



Digitally Selected Outputs 
LMISO 



•Sets maximum Vout 


TL/H/9061-17 


Regulator and Voltage Reference 

LM150 



TL/H/9061-3 


1 
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LM 1 50A/LM 1 50/LM350 A/LM350 


Typical Applications (Continued) 


10A Regulator 

LM350 



’Minimum load current 50 mA TL/H/9061-18 


5V Logic Regulator with 
Electronic Shutdown* 

LM150 


V, N 7V-35V 



*Min output ~ 1.2V 


0 to 30V Regulator 


LM150 



TL/H/9061 -20 

Full output current not available at high input-output voltages 
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LM 1 50A/LM 1 50/LM350A/LM350 


Typical Applications (Continued) 


Adjustable Current Regulator 
LM150 R1 



TL/H/9061-23 


Precision Current Limiter 



TL/H/9061 -24 

*0.4 ^ Ri ^ 120ft 


1.2V-20V Regulator with 
Minimum Program Current 


LM150 



•Minimum output current = 4 mA 


TL/H/9061 -25 


3A Current Regulator 
LM150 



TL/H/9061 -26 


Tracking Preregulator 


R2 

720 



TL/H/9061 -27 
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Typical Applications (Continued) 


Adjusting Multiple On-Card Regulators 
with Single Control* 


LM150 



TL/H/9061-28 

tMinimum load— 10 mA 
•All outputs within ±100 mV 


AC Voltage Regulator 
LM350 



Simple 12V Battery Charger 



( R2 
1 + — 

Use of Rs allows low charging rates with fully 
charged battery. 

••1000 p.F is recommended to filter out any input transients 


TL/H/9061-29 


Temperature Controller 

LM350 


Light Controller 



LM350 
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Typical Applications (Continued) 


Adjustable 10A Regulator 



TL/H/9061-31 


Current Limited 6V Charger 


LM350 



TL/H/9061-32 

*Sets peak current (2A for 0.3ft) 

**1000 juF is recommended to filter out any input transients. 


6A Regulator 
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National 
Semiconductor 

LM196/LM396 10 Amp Adjustable Voltage Regulator 

General Description 

The LM196 is a 10 amp regulator, adjustable from 1.25V to 
15V, which uses a revolutionary new 1C fabrication structure 
to combine high power discrete transistor technology with 
modern monolithic linear 1C processing. This combination 
yields a high-performance single-chip regulator capable of 
supplying in excess of 10 amps and operating at power lev- 
els up to 70 watts. The regulators feature on-chip trimming 
of reference voltage to ±0.8% and simultaneous trimming 
of reference temperature drift to 30 ppm/°C typical. Thermal 
interaction between control circuitry and the pass transistor 
which affects the output voltage has been reduced to ex- 
tremely low levels by strict attention to isothermal layout. 

This interaction, called thermal regulation, is 100% tested. 

These new regulators have all the protection features of 
popular lower power adjustable regulators such as LM117 
and LM138, including current limiting and thermal limiting. 

The combination of these features makes the LM196 im- 
mune to blowout from output overloads or shorts, even if 
the adjustment pin is accidentally disconnected. All devices 
are “burned-in” in thermal shutdown to guarantee proper 
operation of these protective features under actual overload 
conditions. 

Output voltage is continuously adjustable from 1.25V to 
15V. Higher output voltages are possible if the maximum 
input-output voltage differential specification is not exceed- 
ed. Full load current of 10A is available at all output volt- 
ages, subject only to the maximum power limit of 70W and 
of course, maximum junction temperature. 


•For best TC of Vout. R1 should be wirewound 
or metal film, 1 % or better. 

**R2 should be same type as R1, with TC track- 
ing of 30 ppm/°C or better. 
tCI is necessary only if main filter capacitor is 
more than 6" away, assuming #18 or larger 
leads. 

ttC2 is not absolutely necessary, but is suggest- 
ed to lower high frequency output impedance. 
Output capacitors in the range of 1 ju.F to 
1000 juiF of aluminum or tantalum electrolytic 
are commonly used to provide improved out- 
put impedance and rejection of transients. 

'C3 improves ripple rejection, output imped- 
ance, and noise. C2 should be 1 p.F or larger 
close to the regulator if C3 is used. 


Typical Applications 


VOUT = (1-25V) 




+ Iadj (R2) 



The LM196 is exceptionally easy to use. Only two external 
resistors are used to to set output voltage. On-chip adjust- 
ment of the reference voltage allows a much tighter specifi- 
cation of output voltage, eliminating any need for trimming in 
most cases. The regulator will tolerate an extremely wide 
range of reactive loads, and does not depend on external 
capacitors for frequency stabilization. Heat sink require- 
ments are much less stringent, because overload situations 
do not have to be accounted for— only worst-case full load 
conditions. 

The LM196 is in a TO-3 package with oversized (0.060") 
leads to provide best possible load regulation. Operating 
junction temperature range is -55°C to +150°C. The 
LM396 is specified for a 0°C to +125°C junction tempera- 
ture range. 

Features 

n Output pre-trimmed to ±0.8% 

■ 1 0A guaranteed output current 

■ 100% burn-in in thermal limit 

■ 70W maximum power dissipation 

■ Adjustable output— 1.25V to 15V 

■ Internal current and power limiting 

■ Guaranteed thermal resistance 

n Output voltage guaranteed under worst-case conditions 

■ Output is short circuit protected 
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Absolute Maximum Ratings 








If Military/ Aerospace specified devices are required, 

Storage Temperature 


- 

-65°Cto +150°C 

please contact the 

National Semiconductor Sales 

Lead Temperature (Soldering, 10 seconds) 


300°C 

Office/Distributors for availability and specifications. 

ESD rating to be determined 




Power Dissipation 

Internally Limited 








Input-Output Voltage Differential 20 V 

Pre-Conditioning 




Operating Junction Temperature Range 

100% Burn-In in Thermal Limit 




LM 1 96 Control Section - 55°C to + 1 50°C 








Power T ransistor - 55°C to + 200°C 








LM396 Control Section 0°C to + 1 25°C 








Power T ransistor 0°C to + 1 75°C 








Electrical Characteristics (Notei) 








Parameter 

Conditions 

LM196 

LM396 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Reference Voltage 

•out = 10 mA 

1.24 

1.25 

1.26 

1.23 

1.25 

1.27 

V 

Reference Voltage 

VmiN ^ (V|N - Vout) ^ 20V 

1.22 

1.25 

1.28 

1.21 

1.25 

1.29 

V 

(Note 2) 

10 mA ^ Iout 10A, P ^ Pmax 

Full Temperature Range 








Line Regulation 

Vmin ^ (Vin - Vout) ^ 20V 


0.005 

0.01 


0.005 

0.02 

%/v 

(Note 3) 

Full Temperature Range 



0.05 



0.05 

%/v 

Load Regulation 

1 0 mA ^ Iout ^ "• 0A 



0.1 



0.1 

%/v 

LM196/LM396 

Vmin ^ V| N - Vout ^ iov, p ^ p M ax 








(Note 4) 

Full Temperature Range 



0.15 



0.15 

%/A 

Ripple Rejection 

Cadj = 25 jutF, f = 120 Hz 

60 

74 


66 

74 


dB 

(Note 5) 

Full Temperature Range 

54 



54 



dB 

Thermal Regulation 
(Note 6) 

Vin - Vqut = 5V, Iout = ioa 


0.003 

0.005 


0.003 

0.015 

%/W 

Average Output Voltage 

TjMIN ^ Tj ^ TjMAX 


0.003 



0.003 


%/°C 

Temperature Coefficient 

(See Curves for Limits) 








Adjustment Pin Current 



50 

100 


50 

100 

juA 

Adjustment Pin Current 

i o mA ^ Iqut ^ i oa 



3 



3 

juA 

Change (Note 7) 

3V ^ v, N - Vout £ 20V 

P ^ Pmax» Full Temperature Range 








Minimum Load Current 

2.5V <; (V| N - Vout) s 20V 



10 



10 

mA 

(Note 9) 

Full Temperature Range 








Current Limit 

2.5 ^ (V| N - Vout ^ 7V 

10 

14 



14 

20 

A 

(Note 8) 

Vin - Vout = 20V 

1.5 

3 



3 

8 

A 

Rms Output Noise 

10 Hz ^ f ^ 10 kHz 


0.001 





mm 

Long Term Stability 

Tj = 1 25°C, t = 1000 Hours 


0.3 





% 

Thermal Resistance 

Control Circuitry 


mm 

Ell 

■ 


0.5 

°c/w 

Junction to Case 
(Note 1 0) 

Power Transistor 



Ka 

■ 

■ 

1.2 

°c/w 
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Electrical Characteristics (Note p (continued) 


Parameter 

Conditions 

LM196 

LM396 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Power Dissipation (Pmax) 

7.0V <; V| N - Vout ^ 12V 

70 

100 


70 

100 


W 

(Note 11) 

Vin ~ Vout = 15V 

50 



50 



W 


Vin ~ Vout = 18V 

36 



36 



w 

Drop-Out Voltage 

■out = ioa, 


2.1 

2.5 


2.1 

2.5 

V 

LM196/LM396 

Full Temperature Range 



2.75 



2.75 



Note 1: Unless otherwise stated, these specifications apply for Tj = 25°C, Vin - Vout = 5V, Iqlit = 10 mA to 10A. 


Note 2: This is a worst-case specification which includes all effects due to input voltage, output current, temperature, and power dissipation. Maximum power 
(Pmax) *s specified under Electrical Characteristics. 

Note 3: Line regulation is measured on a short-pulse, low-duty-cycle basis to maintain constant junction temperature. Changes in output voltage due to thermal 
gradients or temperature changes must be taken into account separately. See discussion of Line Regulation under Application Hints. 

Note 4: Load regulation on the 2-pin package is determined primarily by the voltage drop along the output pin. Specifications apply for an external Kelvin sense 
connnection at a point on the output pin y 4 " from the bottom of the package. Testing is done on a short-pulse-width, low-duty-cycle basis to maintain constant 
junction temperature. Changes in output voltage due to thermal gradients or temperature changes must be taken into account separately. See discussion of Load 
Regulation under Application Hints. 

Note 5: Ripple rejection is measured with the adjustment pin bypassed with 25 /xF capacitor, and is therefore independent of output voltage. With no load or 
bypass capacitor, ripple rejection is determined by line regulation and may be calculated from; RR = 20 logic [1 00/(K x Vqut)] where K is line regulation 
expressed in %/V. At frequencies below 100 Hz, ripple rejection may be limited by thermal effects, if load current is above 1A. 

Note 6: Thermal regulation is defined as the change in output voltage during the time period of 0.2 ms to 20 ms after a change in power dissipation in the regulator, 
due to either a change in input voltage or output current. See graphs and discussion of thermal effects under Application Hints. 

Note 7: Adjustment pin current change is specified for the worst-case combination of input voltage, output current, and power dissipation. Changes due to 
temperature must be taken into account separately. See graph of adjustment pin current vs temperature. 

Note 8: Current limit is measured 10 ms after a short is applied to the output. DC measurements may differ slightly due to the rapidly changing junction temperature, 
tending to drop slightly as temperature increases. A minimum available load current of 10A is guaranteed over the full temperature range as long as power 
dissipation does not exceed 70W, and Vin - Vout is less than 7.0V. 

Note 9: Minimum load current of 10 mA is normally satisfied by the resistor divider which sets up output voltage. 

Note 10: Total thermal resistance, junction-to-ambient, will include junction-to-case thermal resistance plus interface resistance and heat sink resistance. See 
discussion of Heat Sinking under Application Hints. 

Note 11: Although power dissipation is internally limited, electrical specifications apply only for power dissipation up to the limits shown. Derating with temperature 
is a function of both power transistor temperature and control area temperature, which are specified differently. See discussion of Heat Sinking under Application 
Hints. For Vin - Vout less than 7V, power dissipation is limited by current limit of 10A. 

Note 12: Dropout voltage is input-output voltage differential measured at a forced reference voltage of 1.15V, with a 10A load, and is a measurement of the 
minimum input/output differential at full load. 


Application Hints 

Further improvements in efficiency can be obtained by using 
Schottky diodes or high efficiency diodes with lower forward 
voltage, combined with larger filter capacitors to reduce rip- 
ple. However, this reduces the voltage difference between 
input and drive pins and may not allow sufficient voltage to 
fully saturate the pass transistor. Special transformers are 
available from Signal Transformer that have a IV tap on the 
output winding to provide the extra voltage for the drive pin. 
The transformers are available as standard items for 5V ap- 
plications at 5A, 10A and 20A. Other voltages are available 
on special request. 

Heat Sinking 

Because of its extremely high power dissipation capability, 
the major limitation in the load driving capability of the 
LM196 is heat sinking. Previous regulators such as LM109, 
LM3.40, LM117, etc., had internal power limiting circuitry 
which limited power dissipation to about 30 W. The LM196 


is guaranteed to dissipate up to 70W continuously, as long 
as the maximum junction temperature limit is not exceeded. 
This requires careful attention to all sources of thermal re- 
sistance from junction-to-ambient, including junction-to- 
case resistance, case-to-heat sink interface resistance 
(0.1-1.0°C/W), and heat sink resistance itself. A good ther- 
mal joint compound such as Wakefield type 120 or Thermal- 
loy Thermocote must be used when mounting the LM196, 
especially if an electrical insulator is used to isolate the reg- 
ulator from the heat sink. Interface resistance without this 
compound will be no better than 0.5°C/W, and probably 
much worse. With the compound, and no insulator, interface 
resistance will be 0.2°C/W or less, assuming 0.005" or less 
combined flatness run-out of TO-3 and heat sink. Proper 
torquing of the mounting bolts is important to achieve mini- 
mum thermal resistance. Four to six inch pounds is recom- 
mended. Keep in mind that good electrical, as well as ther- 
mal, contact must be made to the case. 
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Application Hints (Continued) 

The actual heat sink chosen for the LM196 will be deter- 
mined by the worst-case continuous full load current, input 
voltage and maximum ambient temperature. Overload or 
short circuit output conditions do not normally have to be 
considered when selecting a heat sink because the thermal 
shutdown built into the LM196 will protect it under these 
conditions. An exception to this is in situations where the 
regulator must recover very quickly from overload. The 
LM196 may take some time to recover to within specified 
output tolerance following an extended overload, if the regu- 
lator is cooling from thermal shutdown temperature (approx- 
imately 175°) to specified operating temperature (125°C or 
1 50°C). The procedure for heat sink selection is as follows: 
Calculate worst-case continuous average power dissipa- 
tion in the regulator from P = (V|n - Vqut) X Oout)- To 
do this, you must know the raw power supply voltage/cur- 
rent characteristics fairly accurately. For example, consid- 
er a 10V output with 15V nominal input voltage. At full 
load of 10A, the regulator will dissipate P = (15 - 10) X 
(10) = 50W. If input voltage rises by 10%, power dissipa- 
tion will increase to (16.5 - 10) X (10) = 65W, a 30% 
increase. It is strongly suggested that a raw supply be 
assembled and tested to determine its average DC output 
voltage under full load with maximum line voltage. Do not 
over-design by using unloaded voltage as a worst-case, 
since the regulator will not be dissipating any power under 
no load conditions. Worst-case regulator dissipation nor- 
mally occurs under full load conditions except when the 
effective DC resistance of the raw supply (AV/AI) is larg- 
er than (Vin* - VouT)/2lfL, where Vin* is the lightly-load- 
ed raw supply voltage and lf[_ is full load current. For (Vin* 
- Vout) = 5 V - 8V, and lfi_ = 5A-10A, this gives a 
resistance of 0.25H to 0.8H. If raw supply resistance is 
higher than this, the regulator power dissipation may be 
less at full load current, then at some intermediate cur- 
rent, due to the large drop in input voltage. Fortunately, 
most well designed raw supplies have low enough output 
resistance that regulator dissipation does maximize at full 
load current, or very close to it, so tedious testing is not 
usually required to find worst-case power dissipation. 

A very important consideration is the size of the filter capac- 
itor in the raw supply. At these high current levels, capacitor 
size is usually dictated by ripple current ratings rather than 
just obtaining a certain ripple voltage. Capacitor ripple cur- 
rent (rms) is 2-3 times the DC output current of the filter. If 
the capacitor has just 0.05fl DC resistance, this can cause 
30W internal power dissipation at 10A output current. Ca- 
pacitor life is very sensitive to operating temperature, de- 
creasing by a factor of two for each 1 5°C rise in internal 
temperature. Since capacitor life is not all that great to start 
with, it is obvious that a small capacitor with a large internal 
temperature rise is inviting very short mean-time-to-failure. 
A second consideration is the loss of usable input voltage to 
the regulator. If the capacitor is small, the large dips in the 
input voltage may cause the LM196 to drop out of regula- 
tion. 2000 jaF per ampere of load current is the minimum 
recommended value, yielding about 2 Vp-p ripple of 1 20 Hz. 
Larger values will have longer life and the reduced ripple will 
allow lower DC input voltage to the regulator, with subse- 


quent cost savings in the transformer and heat sink. Some- 
times several capacitors in parallel are better to decrease 
series resistance and increase heat dissipating area. 

After the raw supply characteristics have been determined, 
and worst-case power dissipation in the LM196 is known, 
the heat sink thermal resistance can be found from the 
graphs titled Maximum Heat Sink Thermal Resistance. 
These curves indicate the minimim size heat sink required 
as a function of ambient temperature. They are derived from 
a case-to-control area thermal resistance of 0.5°C/W and a 
case-to-power transistor thermal resistance of 1.2°C/W. 
0.2°C/W is assumed for interface resistance. A maximum 
control area temperature of 150°C is used for the LM196 
and 1 25°C for the LM396. Maximum power transistor tem- 
perature is 200°C for the LM196 and 175°C for the LM396. 
For conservative designs, it is suggested that when using 
these curves, you assume an ambient temperature 25°C- 
50°C higher than is actually anticipated, to avoid running the 
regulator right at its design limits of operating temperature. 
A quick look at the curves show that heat sink resistance 
(0Sa) will normally fall into the range of 0.2°C/W-1.5°C/W. 
These are not small heat sinks. A model 441 , for instance, 
which is sold by several manufacturers, has a 0 sa of 
0.6°C/W with natural convection and is about five inches on 
a side. Smaller sinks are more volumetrically efficient, and 
larger sinks, less so. A rough formula for estimating the vol- 
ume of heat sink required is: V = 5O/0sa 15 CU. IN. This 
holds for natural convection only. If the heat sink is inside a 
small sealed enclosure, 0 sa will increase substantially be- 
cause the air is not free to form natural convection currents. 
Fan-forced convection can reduce 0 §a by a factor of two at 
200 FPM air velocity, and by four at 1000 FPM. 

Ripple Rejection 

Ripple rejection at the normal ripple frequency of 120 Hz is 
a function of both electrical and thermal effects in the 
LM196. If the adjustment pin is not bypassed with a capaci- 
tor, it is also dependent on output voltage. A 25 jaF capaci- 
tor from the adjustment pin to ground will make ripple rejec- 
tion independent of output voltage for frequencies above 
100 Hz. If lower ripple frequencies are encountered, the ca- 
pacitor should be increased proportionally. 

To keep in mind that the bypass capacitor on the adjust- 
ment pin will limit the turn-on time of the regulator. A 25 ju,F 
capacitor, combined with the output divider resistance, will 
give an extended output voltage settling time following the 
application of input power. 

Load Regulation (LM196/LM396) 

Because the LM196 is a three-terminal device, it is not pos- 
sible to provide true remote load sensing. Load regulation 
will be limited by the resistance of the output pin and the 
wire connecting the regulator to the load. For the data sheet 
specification, regulation is measured 1 14" from the bottom 
of the package on the output pin. Negative side sensing is a 
true Kelvin connection, with the bottom of the output divider 
returned to the negative side of the load. 
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Application Hints (Continued) 

Although it may not be immediately obvious, best load regu- 
lation is obtained when the top of the divider is connected 
directly to the output pin, not to the load. This is illustrated in 
Figure 2. If R1 were connected to the load, the effective 
resistance between the regulator and the load would be 
x ( R2 + R1\ 

(Rw)x l-sH 

Rw = Line Resistance 

Connected as shown, Rw is not multiplied by the divider 
ratio. Rw is about 0.004H per foot using 16 gauge wire. This 
translates to 40 mV/ft at 10A load current, so it is important 
to keep the positive lead between regulator and load as 
short as possible. 


LM396 

V IN v 0UT 
ADJ 


Rw 

PARASITIC 
LINE RESISTANCE 


DO NOT CONNECT 
R1 TO LOAD 



CONNECT R2 
TO LOAD 

TL/H/9059-2 

FIGURE 2. Proper Divider Connection 

The input resistance of the sense pin is typically 6 kH, mod- 
eled as a resistor between the sense pin and the output pin. 
Load regulation will start to degrade if a resistance higher 
than ion is inserted in series with the sense. This assumes 
a worst-case condition of 0.5V between output and sense 
pins. Lower differential voltage will allow higher sense series 
resistance. 

Thermal Load Regulation 

Thermal, as well as electrical, load regulation must be con- 
sidered with 1C regulators. Electrical load regulation occurs 
in microseconds, thermal regulation due to die thermal gra- 
dients occurs in the 0.2 ms-20 ms time frame, and regula- 
tion due to overall temperature changes in the die occurs 
over a 20 ms to 20 minute period, depending on the time 
constant of the heat sink used. Gradient induced load regu- 
lation is calculated from 

AVouT = (V|N - Vout) X (AloUT) x (P) 
fi = Thermal regulation specified on data sheet. 

For V| N = 9V, V 0 UT = 5V, AI 0 ut = 10A, and j3 = 
0.005% /W, this yields a 0.2% change in output voltage. 
Changes in output voltage due to overall temperature rise 
are calculated from 

Vqut = (Vin~ Vout) x (aIqut) x (TC) x (e jA ) 


TC = Temperature coefficient of output voltage. 

0j A = Thermal resistance from junction to ambient. 9 j A is 
approximately 0.5°C/W +9 of heat sink. 

For the same conditions as before, with TC = 0.003%/°C, 
and 0j A = 1.5°C/W, the change in output voltage will be 
0.18%. Because these two thermal terms can have either 
polarity, they may subtract from, or add to, electrical load 
regulation. For worst-case analysis, they must be assumed 
to add. If the output of the regulator is trimmed under load, 
only that portion of the load that changes need be used in 
the previous calculations, significantly improving output ac- 
curacy. 

Line Regulation 

Electrical line regulation is very good on the LM196 — typi- 
cally less than 0.005% change in output voltage for a IV 
change in input. This level of regulation is achieved only for 
very low load currents, however, because of thermal ef- 
fects. Even with a thermal regulation of 0.002%.W, and a 
temperature coefficient of 0.003%/°C, DC line regulation 
will be dominated by thermal effects as shown by the follow- 
ing example: 

Assume Vqut = 5V, V|jg = 9V, Iout = 8A 
Following a 10% change in input voltage (0.9), the output 
will change quickly (^100 jus), due to electrical effects, by 
(0.005%V) X (0.9V) = 0.0045%. In the next 20 ms, the 
output will change an additional (0.002%/W) x (8A) x 
(0.9V) = 0.0144% due to thermal gradients across the die. 
After a much longer time, determined by the time constant 
of the heat sink, the output will change an additional 
(0.003% /°C) X (8A) X (0.9V) X (2°C/W) = 0.043% due to 
the temperature coefficient of output voltage and the ther- 
mal resistance from die to ambient. (2°C/W was chosen for 
this calculation). The sign of these last two terms varies 
from part to part, so no assumptions can be made about any 
cancelling effects. All three terms must be added for a prop- 
er analysis. This yields 0.0045 + 0.0144 + 0.043 = 
0.062% using typical values for thermal regulation and tem- 
perature coefficient. For worst-case analysis, the maximum 
data sheet specifications for thermal regulation and temper- 
ature coefficient should be used, along with the actual ther- 
mal resistance of the heat sink being used. 

Paralleling Regulators 

Direct paralleling of regulators is not normally recommend- 
ed because they do not share currents equally. The regula- 
tor with the highest reference voltage will supply all the cur- 
rent to the load until it current limits. With an 18A load, for 
instance, one regulator might be operating in current limit at 
16A while the second device is only carrying 2A. Power dis- 
sipation in the high current regulator is extremely high with 
attendant high junction temperatures. Long term reliability 
cannot be guaranteed under these conditions. 
Quasi-paralleling may be accomplished if load regulation is 
not critical. The connection shown in Figure 5a will typically 
share to within 1A, with a worst-case of about 3A. Load 
regulation is degraded by 1 50 mV at 20A loads. An external 
op amp may be used as in Figure 5b to improve load regula- 
tion and provide remote sensing. 
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Application Hints (Continued) 

Input and Output Capacitors 

The LM196 will tolerate a wide range of input and output 
capacitance, but long wire runs or small values of output 
capacitance can sometimes cause problems. If an output 
capacitor is used, it should be 1 juF or larger. We suggest 1 0 
fiF solid tantalum if significant improvements in high fre- 
quency output impedance are needed (see output imped- 
ance graph). This capacitor should be as close to the regu- 
lator as possible, with short leads, to reduce the effects of 
lead inductance. No input capacitor is needed if the regula- 
tor is within 6 inches of the power supply filter capacitor, 
using 18 gauge stranded wire. For longer wire runs, the 
LM196 input should be bypassed locally with a 4.7 /jlF (or 
larger) solid tantalum capacitor, or a 100 jaF (or larger) alu- 
minum electrolytic capacitor. 

Correcting for Output Wire Losses (LM196/LM396) 

Three-terminal regulators can only provide partial Kelvin 
load sensing (see Load Regulation). Full remote sensing 
can be added by using an external op amp to cancel the 
effect of voltage drops in the unsensed positive output lead. 
In Figure 7, the LM301A op amp forces the voltage loss 
across the unsensed output lead to appear across R3. The 
current through R3 then flows out the V~ pin of the op amp 
through R4. The voltage drop across R4 will raise the output 
voltage by an amount equal to the line loss, just cancelling 
the line loss itself. A small (= 40 mV) initial output voltage 
error is created by the quiescent current of the op amp. 
Cancellation range is limited by the maximum output current 
of the op amp, about 300 mV as shown. This can be raised 
by increasing R3 or R4 at the expense of more initial output 
error. 

Transformers and Diodes 

Proper transformer ratings are very important in a high cur- 
rent supply because of the conflicting requirements of effi- 
ciency and tolerance to low-line conditions. A transformer 
with a high secondary voltage will waste power and cause 
unnecessary heating in the regulator. Too low a secondary 
voltage will cause loss of regulation under low-line condi- 
tions. The following formulas may be used to calculate the 
required secondary voltage and current ratings using a full- 
wave center tap: 

V, _ /'VoUT + V REG + VrecT + Vripple\ 

V rms - y ) 

te)H 

l r ms - (•out) 0 -2) (Full-wave center tap) 

where: 

Vout = DC regulated output voltage 
Vreg = Minimum input-output voltage of regulator 
Vrect = Rectifier forward voltage drop at three times DC 
output current 

Vripple = 1 /2 peak-to-peak capacitor ripple voltage 
(5.3 X 10-3) (l 0UT ) 

2C 

*The factor of 1.1 is only an approximate factor accounting for load regula- 
tion of the transformer. 


Vnom = Nominal line voltage AC rms 
V L ow = Low •in© voltage AC rms 
Iqut = DC output current 
Example: Iqut = 1 0A, Vqut == 5V 
Assume: Vreg = 2.2V, Vrect = 1.2V 

Vripple = 2Vp-p, v NO m = H5V, 
Vlow = 105V 


Vrms — 


( 5 + 2.2 + 1.2 + 1\ /115\ , 

l >/2 Aiosr* 1 


= 8.01 V rms 

CapacitorC = (5 ^ ... H-^o UI j 

2 x Vripp LE 


(5.3 X 10-3)(10) 


= 26,500 p.F 


The diodes used in a full-wave rectified capacitor input sup- 
ply must have a DC current rating considerably higher than 
the average current flowing through them. In a 10A supply, 
for instance, the average current through each diode is only 
5 A, but the diodes should have a rating of 10A-15A. There 
are many reasons for this, both thermal and electrical. The 
diodes conduct current in pulses about 3.5 ms wide with a 
peak value of 5-8 times the average value, and an rms 
value 1. 5-2.0 times the average value. This results in long 
term diode heating roughly equivalent to 10A DC current. 
The most demanding condition however, may be the one 
cycle surge through the diode during power turn on. The 
peak value of the surge is about 10-20 times the DC output 
current of the supply, or 100A-200A for a 10A supply. The 
diodes must have a one cycle non-repetitive surge rating of 
200A or more, and this is usually not found in a diode with 
less than 10A average current rating. Keep in mind that 
even though the LM196 may be used at current levels be- 
low 10A, the diodes may still have to survive shorted output 
conditions where average current could rise to 12A-15A. 
Smaller transformers and filter capacitors used in lower cur- 
rent supplies will reduce surge currents, but unless specific 
information is available on worst-case surges, it is best not 
to economize on diodes. Stud-mounted devices in a DO-4 
package are recommended. Cathode-to-case types may be 
bolted directly to the same heat sink as the LM196 because 
the case of the regulator is its power input. Part numbers to 
consider are the INI 200 series rated at 12A average cur- 
rent in a DO-4 stud package. Additional types include com- 
mon cathode duals in a TO-3 package, both standard and 
Schottky, and various duals in plastic filled assemblies. 
Schottky diodes will improve efficiency, especially in low 
voltage applications. In a 5V supply for instance, Schottky 
diodes will decrease wasted power by up to 6W, or alterna- 
tively provide an additional 5% “drop out” margin for low- 
line conditions. Several manufacturers are producing “high 
efficiency” diodes with a forward voltage drop nearly as 
good as Schottkys at high current levels. These devices do 
not have the low breakdown voltages of Schottkys, so are 
much less prone to reverse breakdown induced failures. 
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Typical Performance Characteristics 
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POWER DISSIPATION (W) 

TL/H/9059-4 

*See “Heat Sinking” under Applications Hints. 


Maximum Heat Sink 
Thermal Resistance* 
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POWER DISSIPATION (W) 


TO-3 Interface Thermal 
Resistance Using Thermal 
Joint Compound 


0.05 MOUNTING THICKNESS » 0.18" ALUM. 
JOINT COMPOUND = 0.0018 

SEC • cm 


TOTAL SURFACE RUNOUT (MILS/INCH) 
(INCLUDES TO-3 AND HEATSINK RUNOUT) 


Thermal Regulation 
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TIME (ms) 


♦See “Heat Sinking” under Application Hints. 
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Typical Performance Characteristics (Continued) 
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Ripple Rejection 
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Ripple Rejection 
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OUTPUT CURRENT (A) 

TL/H/9059-6 


Output Impedance* 
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>- 
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•For output voltages other than 5V, multiply ver- 
tical scale readings by Vqut/5. 


Line Transient Response* 
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TL/H/9059-8 

•With no adjustment pin bypass. For output volt- 
ages other than 5V, multiply vertical scale by 
Vqut/5. 
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Typical Performance Characteristics (Continued) 


Load Transient Response* 
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"With no adjustment pin bypass. For output volt- 
ages other than 5V, multiply vertical scale by 
Vqut/5. 
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Typical Applications (Continued) 



TL/H/9059-10 


♦Regulation can be improved by adding an LM336 reference diode to increase the effective reference 
voltage to 3.75V. Load and line regulation are improved by 3:1, including thermal effects. 

FIGURE 3. Improving Regulation* 



*R3 is selected to supply partial load current. Therefore, a minimum load 
must always be maintained to prevent the regulated output from rising un- 
controlled. R3 must be greater than (V^ax “ Vout)/Imin> where V^ax Is 
worst-case high input voltage, and I^in is the minimum load current. R3 
must be rated for at (east (Vin - Vout) 2 /R3 watts. Regulator power dissipa- 
tion will be reduced by a factor of 2-3 in a typical situation where minimum 
load current is 1/2 full load current. Regulator dissipation will peak at: 


Vin 


(R3)(Iqut) 

2 


+ V 0 UT 


and will be equal to: 

PMAX “ Assuming: (R3)(I 0UT ) <; V M ax ~ Vout 

A few words of caution; (1) R3 power rating must be increased to (V^ax) 2 / 
R3 if continuous output shorts are possible. (2) Under normal load condi- 
tions, system power dissipation is not changed, but under short circuit condi- 
tions system power dissipation increases by (V|n) 2 /R3 watts over the al- 
ready high power of a shorted regulator. The LM196 will not be harmed and 
neither will R3 if it is rated properly, but the raw supply components must be 
able to withstand the overload also. Thermal shutdown of the LM196 will 
probably occur for sustained shorts, somewhat alleviating the problem. 


FIGURE 4. Reducing Regulator Power Dissipation 
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LM196/LM396 












Typical Applications (Continued) 



FIGURE 7. Correcting for Line Losses 


TL/H/9059-15 


STANDARD NPN POWER NPN 



TL/H/9059-16 

Power NPNs have low collector resistance, and do not require collector bond wires. Collectors are all common to substrate. 

Standard NPNs are still isolated. 

FIGURE 8. Process Technology 


Connection Diagram 


Metal Can Package 



Order Number LM196K STEEL or LM396K STEEL 
See NS Package Number K02B 
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LM196/LM396 



* Drive is tied to Vin and sense is tied to Vqut on LM1 96 and LM396. 


TL/H/9059-17 


Schematic Diagram 




National 

Semiconductor 


LM317L 3-Terminal Adjustable Regulator 


General Description 

The LM317L is an adjustable 3-terminal positive voltage 
regulator capable of supplying 100 mA over a 1.2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Further, 
both line and load regulation are better than standard fixed 
regulators. Also, the LM317L is available packaged in a 
standard TO-92 transistor package which is easy to use. 

In addition to higher performance than fixed regulators, the 
LM317L offers full overload protection. Included on the chip 
are current limit, thermal overload protection and safe area 
protection. All overload protection circuitry remains fully 
functional even if the adjustment terminal is disconnected. 

Features 

■ Adjustable output down to 1 .2V 

■ Guaranteed 100 mA output current 

■ Line regulation typically 0.01 %V 

■ Load regulation typically 0.1 % 

■ Current limit constant with temperature 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 

■ Output is short circuit protected 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejection ratios which are difficult to achieve with stan- 
dard 3-terminal regulators. 


Besides replacing fixed regulators, the LM317L is useful in a 
wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not ex- 
ceeded. 

Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment and output, the 
LM317L can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1 .2 V where most loads draw little current. 

The LM317L is available in a standard TO-92 transistor 
package and the SO-8 package. The LM317L is rated for 
operation over a -25°C to 125°C range. 


Connection Diagram 



BOTTOM VIEW 

TL/H/9064-4 

Order Number LM317LZ 
See NS Package 
Number Z03A 


V 0UT 

V 0UT 

ADJ 


TL/H/9064-5 



Order Number LM317LM 
See NS Package 
Number M08A 


Typical Applications 


1.2V-25V Adjustable Regulator 


LM317L 



Full output current not available at high input-out- 
put voltages 

tOptional— improves transient response 
‘Needed if device is more than 6 inches from 
filter capacitors 

ttVour = 1-25V (l + 5?) + IadJ (R 2 > 


Fully Protected (Bulletproof) 
Lamp Driver 

28V 



Lamp Flasher 


LM317L 



Output rate — 4 flashes per second at 10% duty 
cycle 



1-161 


LM317L 




LM317L 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature -55°Cto +150°C 

please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C 

Office/Distributors for availability and specifications. 0utput fe Short Circuit Protected 

Power Dissipation Internally Limited E SD rating to be determined. 

Input-Output Voltage Differential 40V 

Operating Junction Temperature Range -40°C to + 1 25°C 

Electrical Characteristics (Note i) 

Parameter 

Conditions 

Min 




Line Regulation 

Tj = 25° C, 3V <; (V| N - Vqut) £ 40V, l L £ 20 mA (Note 2) 


0.01 


HUM 

Load Regulation 



0.1 

J 

Eg 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 


0.04 



Adjustment Pin Current 



50 

100 

jbtA 

Adjustment Pin Current Change 

5 mA £ l|_ ^ 100 mA 


0.2 

5 

jliA 


3V <; (V| N - Vqut) ^ 40V, p <; 625 mW 





Reference Voltage 

3V ^ (V| N - Vqut) £ 40V, (Note 3) 



1.30 

V 


5 mA ^ Iqut ^ 100 mA, P ^ 625 mW 


1 



Line Regulation 

3V ^ (V| N - V 0 ut) £ 40V, l L <; 20 mA (Note 2) 



0.07 

%/V 

Load Regulation 

5 mA ^ Iout ^ 100 mA, (Note 2) 





Temperature Stability 

TMIN ^ Tj ^ T Ma x 





Minimum Load Current 

(Vin - VoUT) * 40V 






3V ^ (V| N - V 0 ut) ^ 15V 





Current Limit 

3V <; (V| N - Vqut) ^ 13V 

100 

200 

.300 



(V| N - V 0U t) = 40V 

25 

50 

150 


Rms Output Noise, % of Vqut 

Tj = 25°C, 10 Hz<:f^ 10 kHz 





Ripple Rejection Ratio 

V 0 UT = 10V, f = 120 Hz, C AD J = 0 


65 


dB 


Cadj = 10 /* F 

66 

80 


dB 

Long-Term Stability 

Tj = 125°C, 1000 Hours 


0.3 

1 

% 

Thermal Resistance 

Z Package 0.4" Leads 


180 


°C/W 

Junction to Ambient 

Z Package 0.125 Leads 


160 


°c/w 


SO-8 Package 


165 


°c/w 

Thermal Rating of SO Package 



165 


°c/w 

Note 1: Unless otherwise noted, these specifications apply: -25°C £ Tj £ 125°C for the LM317L; Vin - Vqut = 5V and Iqut = 40 mA - Although power j 

dissipation is internally limited, these specifications are applicable for power dissipations up to 625 mW. I^ax is 100 mA - 




Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are i 

covered under the specification for thermal regulation. 





Note 3: Thermal resistance of the TO-92 package is 1 80°C/W junction to ambient with 0.4" leads from a PC board and 160°C/W junction to ambient with 0.1 25" 

lead length to PC board. 
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LM317L 


Application Hints 

In operation, the LM317L develops a nominal 1.25V refer- 
ence voltage, Vref> between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current l-j then flows through the output set resistor R2, giv- 
ing an output voltage of 

VoUT = Vref ( 1 + j^) + ! ADj(R2) 

Since the 100 jaA current from the adjustment terminal rep- 
resents an error term, the LM317L was designed to mini- 
mize Iadj a nd make it very constant with line and load 
changes. To do this, all quiescent operating current is re- 
turned to the output establishing a minimum load current 
requirement. If there is insufficient load on the output, the 
output will rise. 


LM317L 



External Capacitors 

An input bypass capacitor is recommended in case the reg- 
ulator Is more than 6 inches away from the usual large filter 
capacitor. A 0.1 juF disc or 1 ju,F solid tantalum on the input 
is suitable input bypassing for almost all applications. The 
device is more sensitive to the absence of input bypassing 
when adjustment or output capacitors are used, but the 
above values will eliminate the possiblity of problems. 

The adjustment terminal can be bypassed to ground on the 
LM317L to improve ripple rejection and noise. This bypass 
capacitor prevents ripple and noise from being amplified as 
the output voltage is increased. With a 1 0 jitF bypass capac- 
itor 80 dB ripple rejection is obtainable at any output level. 
Increases over 10 jitF do not appreciably improve the ripple 
rejection at frequencies above 120 Hz. If the bypass capaci- 
tor is used, it is sometimes necessary to include protection 
diodes to prevent the capacitor from discharging through 
internal low current paths and damaging the device. 


In general, the best type of capacitors to use is solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 juF in aluminum electrolytic to equal 1 /xF 
solid tantalum at high frequencies. Qeramic capacitors are 
also good at high frequencies; but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, a 0.01 ju,F disc may seem to work better 
than a 0.1 jitF disc as a bypass. 

Although the LM317L is stable with no output capacitors, 
like any feedback circuit, certain values of external capaci- 
tance can cause excessive ringing. This occurs with values 
between 500 pF and 5000 pF. A 1 juF solid tantalum (or 25 
juF aluminum electrolytic) on the output swamps this effect 
and insures stability. 

Load Regulation 

The LM317L is capable of providing extremely good load 
regulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240ft) should be tied directly to the output of the regula- 
tor rather than near the load. This eliminates line drops from 
appearing effectively in series with the reference and de- 
grading regulation. For example, a 15V regulator with 0.05ft 
resistance between the regulator and load will have a load 
regulation due to line resistance of 0.05ft x li_. If the set 
resistor is connected near the load the effective line resist- 
ance will be 0.05ft (1 + R2/R1) or in this case, 11.5 times 
worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240 ft set resistor. 

With the TO-92 package, it is easy to minimize the resist- 
ance from the case to the set resistor, by using two sepa- 
rate leads to the output pin. The ground of R2 can be re- 
turned near the ground of the load to provide remote ground 
sensing and improve load regulation. 


LM317L 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 
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Application Hints (Continued) 

Thermal Regulation 

When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient, and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Vout. 
per watt, within the first 10 ms after a step of power is ap- 
plied. The LM317L specification is 0.2%/W, maximum. 

In the Thermal Regulation curve at the bottom of the Typical 
Performance Characteristics page, a typical LM317L’s out- 
put changes only 7 mV (or 0.07% of Vout = -10V) when 
a 1W pulse is applied for 10 ms. This performance is thus 
well inside the specification limit of 0.2%/W X 1W = 0.2% 
maximum. When the 1W pulse is ended, the thermal regula- 
tion again shows a 7 mV change as the gradients across the 
LM317L chip die out. Note that the load regulation error of 
about 14 mV (0.14%) is additional to the thermal regulation 
error. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to pre- 


vent the capacitors from discharging through low current 
points into the regulator. Most 10 jaF capacitors have low 
enough internal series resistance to deliver 20A spikes 
when shorted. Although the surge is short, there is enough 
energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of V|n- In the LM317L, this 
discharge path is through a large junction that is able to 
sustain a 2A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 25 juF 
or less, the LM317L’s ballast resistors and output structure 
limit the peak current to a low enough level so that there is 
no need to use a protection diode. 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM317L is a 50H resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25 V 
or less and 10 jaF capacitance. Figure 3 shows an LM317L 
with protection diodes included for use with outputs greater 
than 25V and high values of output capacitance. 


D1 

1N4002 



TL/H/9064-9 

Vout - 1.25V (l +32) 'adjR2 

D1 protects against Cl 
D2 protects against C2 
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Schematic Diagram 





Typical Applications (Continued) 


Digitally Selected Outputs 

LM317L 



TL/H/9064-1 1 
•Sets maximum Vqut 


Adjustable Current Limiter 



TL/H/9064-1 3 
12 £ R1 £ 240 


High Gain Amplifier 


v + 



TL/H/9064-1 2 


Precision Current Limiter 

LM317L 



V ADJ ' ^ 


TL/H/9064-1 4 


Slow Turn-On 15V Regulator Adjustable Regulator with 

LM317L Improved Ripple Rejection 




tSolid tantalum TL/H/9064-16 

•Discharges Cl if output is shorted to ground 


High Stability 10V Regulator Adjustable Regulator with Current Limiter 

LM317L LM317L 




Short circuit current is approximately 600 mV/R3, or 60 mA (compared to 
LM317LZ’s 200 mA current limit). 

At 25 mA output only 3/4V of drop occurs in R3 and R4. 
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Typical Applications (Continued) 


0V-30V Regulator 


LM317L 



-10 V 

TL/H/9064-19 


Full output current not available at high input-out- 
put voltages 


Regulator With 15 mA Short Circuit 
Current 



TL/H/9064-20 


Power Follower 


10V-40V 



TL/H/9064-21 


Adjusting Multiple On-Card Regulators with Single Control* 



100 mA Current Regulator 1.2V- 12V Regulator with Minimum 50 mA Constant Current Battery 


LM 317 L Program Current Charger for Nickel-Cadmium 




Typical Applications (Continued) 

5V Logic Regulator with Electronic Shutdown* 

LM317L 

V, N 7V-35vr ‘ I 


Jv|N 

v outLh 

AOJ 

Cl 4 

4 

4 

] 


, R2 

I 720 2N2219 


Current Limited 6V Charger 

LM317L 


V IN 
9V TO 30V 


’Minimum output ~ 1.2V 



’Sets peak current, Ipeak = 0.6V/R1 
”1000 juF is recommended to filter out any input transients. 


Short Circuit Protected 80V Supply 


BLACK F90X GREEN 1 00 V DC 1/2W 


'AC J 

INE J ( 

5 < 


1N4002 | + r JTl 

! 9 


BLACK-YELLOW RED 


j 1/8 AMP, TYPE 8AG 
! FUSE OR CIRCUIT BREAKER 



' 1 

V|N 

«n, VQUT 

ADJ 

1 

1 


j 


, 80 Vqq 
0 mA TO 20 mA 



Typical Applications (Continued) 


Basic High Voltage Regulator 


V| N >170V' 



TL/H/9064-29 











Regulator With Trimmable Output Voltage 

V !N (25V TO 40V) 



Trim Procedure: 

— If Vout is 23.08V or higher, cut out R3 (if lower, don’t cut it out). 

— Then if Vout is 22.47V or higher, cut out R4 (if lower, don’t). 

— Then if Vout is 22.16V or higher, cut out R5 (if lower, don’t). 

This will trim the output to well within ± 1 % of 22.00 Vqc. without any of the 
expense or uncertainty of a trim pot (see LB-46). Of course, this technique 
can be used at any output voltage level. 


Precision Reference with Short-Circuit Proof Output 



TL/H/9064-33 

*R1-R4 from thin-film network, 

Beckman 694-3-R2K-D or similar 
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National 

Semiconductor 


LM320L 3-Terminal Negative Regulators 


General Description 

The LM320L series of 3-terminal negative voltage regula- 
tors features fixed output voltages of -5V, -12V, and 
- 1 5V, with output current capabilities in excess of 1 00 mA. 
These devices were designed using the latest computer 
techniques for optimizing the packaged 1C thermal/electri- 
cal performance. The LM320L series, even when combined 
with a minimum output compensation capacitor of 0.1 jaF, 
exhibits an excellent transient response, a maximum line 
regulation of 0.07% Vq/V, and a maximum load regulation 
of 0.01% V 0 /mA. 

The LM320L series also includes, as self-protection circuit- 
ry: safe operating area circuitry for output transistor power 
dissipation limiting, a temperature independent short circuit 
current limit for peak output current limiting, and a thermal 
shutdown circuit to prevent excessive junction temperature. 
Although designed primarily as fixed voltage regulators, 
these devices may be combined with simple external circuit- 
ry for boosted and/or adjustable voltages and currents. The 
LM320L series is available in the 3-lead TO-92 package. 
For output voltages other than -5V, -12V and -15V, the 
LM137 and LM137HV series provide an output voltage 
range from -1.2V to -47V. 


Features 

■ Preset output voltage error is less than ±5% over load, 
line and temperature 

■ LM320L is specified at an output current of 100 mA 

■ Internal short-circuit, thermal and safe operating area 
protection 

■ Easily adjustable to higher output voltages 

■ Maximum line regulation less than 0.07% Vqut /v 

■ Maximum load regulation less than 0.01% VouT /m A 

■ Easily compensated with a small 0.1 jllF output 
capacitor 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Output 

Current 

LM320L 

TO-92 (Z) 

0.6W 

0.1A 


Connection Diagram 


TO-92 Plastic Package (Z) 



Order Number LM320LZ-5.0, 
LM320LZ-12 or LM320LZ-15 
See NS Package Number Z03A 


TL/H/7821-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

V 0 UT = - 5V 1 2V and 1 5V - 35V 

Internal Power Dissipation 

(Notes 1 and 3) Internally Limited 


Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Molded TO-92 
Lead Temperature 
(Soldering, 10 sec.) 


0°C to +70°C 
+ 125°C 

-55°C to + 1 50°C 

260°C 


Electrical Characteristics (Note 2) Ta = 0°C to + 70°C unless otherwise noted. 


Output Voltage 

— 5V 

-12V 

-15V 

Units 

Input Voltage (unless otherwise noted) 

-10V 

-17V 

-20V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Vo 

Output Voltage 

Tj = 25°C, l 0 = 100 mA 

-5.2 -5 -4.8 

-12.5 -12 -11.5 

T 

in 

7 

to 

in 

7 

V 

1 mA ^ lo ^ 100 mA 
V MIN £ V| N £ V M AX 

-5.25 -4.75 

( — 20 <. V|n £ -7.5) 

-12.6 -11.4 

(-27 £ V| N £ -14.8) 

-15.75 -14.25 

( — 30 ^ V| N <. -18) 

1 mA ^ lo ^ 40 mA 
V MIN ^ V IN ^ V MAX 

-5.25 -4.75 

(-20 £ V| N ^ -7) 

-12.6 -11.4 

(—27 ^ V| N ^ -14.5) 

-15.75 -14.25 

(-30 <; V| N <: -17.5) 

AV 0 

Line Regulation 

Tj = 25°C, l 0 = 100mA 
VmIN ^ V IN ^ V MA x 

60 

(—20 £ V| N <; -7.3) 

45 

(-27 ^ V| N ^ -14.6) 

45 

(-30 £ V| N ^ -17.7) 

mV 

V 

Tj = 25°C, l 0 = 40 mA 
V MIN ^ V, N ^ V M ax 

60 

(-20 £ V| N <; -7) 

45 

(-27 £ V| N <£ -14.5) 

45 

(—30 ^ V| N <; -17.5) 

mV 

V 

AVo 

Load Regulation 

Tj = 25°C 

1 mA ^ lo ^ 100 mA 

50 

100 

125 

mV 

AV 0 

Long Term Stability 

lo — 100 mA 

20 

48 

60 

mV/khr 

Iq 

Quiescent Current 

lo = 100 mA 

2 6 

2 6 

2 6 

mA 

AIq 

Quiescent Current 
Change 

1 mA £ lo ^ 100 mA 

0.3 

0.3 

0.3 

mA 

1 mA ^ lo ^ 40 mA 

0.1 

0.1 * 

0.1 

lo = 100 mA 

VmIN ^ Vin £ Vmax 

0.25 

(-20 £ V| N <S -7.5) 

0.25 

(-27 £ V| N <: -14.8) 

0.25 

(-30 £ Vin ^ -18) 

<1 

V n 

Output Noise Voltage 

Tj = 25°C, l 0 = 100mA 
f = 10 Hz-10 kHz 

40 

96 

120 

M’V 

av, n 

AV 0 

Ripple Rejection 


50 

52 

50 

dB 

■ 

Input Voltage 
Required to Maintain 
Line Regulation 

Tj = 25°C 
lo = 100 mA 

Iq = 40 mA 

-7.3 

-7.0 

-14.6 

-14.5 




Note 1: Thermal resistance of Z package is typically 60°C/W 0jc, 232°C/W 0 ja at still air, and 88°C/W at 400 ft/min of air. The maximum junction temperature shall 
not exceed 125°C on electrical parameters. 

Note 2: To ensure constant junction temperature pulse testing is used. 
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LM320L 


Typical Performance Characteristics 


Maximum Average Power 


Dissipation (TO-92) 



0 15 30 45 60 75 

T a - ambient TEMPERATURE (°C) 


Peak Output Current 



Dropout Voltage 



0 25 50 75 , 100 125 

Tj- JUNCTION TEMPERATURE (°C) 


Ripple Rejection 



10 1 10 2 10 3 10 4 
FREQUENCY (Hz) 


10 ® 


Short Circuit Output 
Current 



Output Voltage vs 
Temperature (Normalized 
to IV @ 25°C) 


iSHBE' 

Si 

mi 

■1 

i 

i 

H! 

mh 

■m 

wmmm 


■ 

IfMi 

■ 

■ 


M 


■H3S5H 

MB 

IMI 






HMii 



0 25 50 75 100 125 

Tj- JUNCTION TEMPERATURE (°C) 



-5 -10 -15 -20 -25 -30 -35 
INPUT VOLTAGE (V) 


Output Impedance 



FREQUENCY (Hz) 


TL/H/7821-2 
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LM320L 


Typical Applications 


Fixed Output Regulator 



TL/H/7821 -5 


‘Required if the regulator is located far from the power supply filter. A 1 )xF 
aluminum electrolytic may be substituted. 

“Required for stability. A 1 ju,F aluminum electrolytic may be substituted. 


Adjustable Output Regulator 



TL/H/7821 -6 

-V 0 = -5V - (5V/R1 + Iq) • R2, 

5V/R1 > 3 Iq 


± 15 V, 100 mA Dual Power Supply 



TL/H/7821 -7 
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National 
Semiconductor 

LM330 3-Terminal Positive Regulator 

General Description 

The LM330 5 V 3-terminal positive voltage regulator features 
an ability to source 1 50 mA of output current with an input- 
output differential of 0.6V or less. Familiar regulator features 
such as current limit and thermal overload protection are 
also provided. 

The low dropout voltage makes the LM330 useful for certain 
battery applications since this feature allows a longer bat- 
tery discharge before the output falls out of regulation. For 
example, a battery supplying the regulator input voltage may 
discharge to 5.6V and still properly regulate the system and 
load voltage. Supporting this feature, the LM330 protects 
both itself and regulated systems from negative voltage in- 
puts resulting from reverse installations of batteries. 

Other protection features include line transient protection 
up to 26V, when the output actually shuts down to avoid 
damaging internal and external circuits. Also, the LM330 
regulator cannot be harmed by a temporary mirror-image 
insertion. 


Features 

■ Input-output differential less than 0.6V 

■ Output current of 150 mA 

■ Reverse battery protection 

■ Line transient protection 

■ Internal short circuit current limit 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 

■ 100% electrical burn-in in the thermal limit 



Schematic and Connection Diagrams 



(TO-220) 
Plastic Package 


O 



OUTPUT 

GND 

INPUT 


Front View 


TL/H/9306-2 


Order Number LM330T-5.0 
See NS Package Number T03B 
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LM330 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

Operating Range 26V 

Line T ransient Protection (1 000 ms) 40V 


Internal Power Dissipation 
Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


Internally Limited 
0°C to +70°C 
+ 1 25°C 
— 65°C to + 150°C 
+ 300°C 


Electrical Characteristics (Notei) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V 0 

Output Voltage 

Tj = 25° C 

4.8 

5 ' 

5.2 



Output Voltage 

5 < l 0 < 150 mA 

4.75 


5.25 

v 


Over Temp 

6 < V| N < 26V; 0°C <; Tj £ 100°C 



> 

<1 

Line Regulation 

9 < V| N < 16V, l 0 = 5 mA 



mm 




6 < V| N < 26V, l 0 = 5 mA 



IKiB 

mV 


Load Regulation 

5 < l 0 < 1 50 mA 


14 




Long Term Stability 



20 


mV/ 1000 hrs 

■q 

Quiescent Current 

l 0 = 10 mA 


3.5 

7 




l 0 = 50 mA 


5 

11 




l 0 = 150 mA 


18 

40 

mA 


Line Transient 

V !N = 40V, R l = 100ft, Is 


14 




Reverse Polarity 

V| N = — 6V, R l = 100ft 


-80 



Aio 

Quiescent Current 
Change 

6 < V| N < 26V 


10 


% 

V| N 

Overvoltage Shutdown 
Voltage 


26 

38 




Max Line Transient 



60 





is, v 0 <; 5.5V 


50 


V 


Reverse Polarity 



-30 




Input Voltage 

DC V 0 > -0.3V, R L = 100ft 


-12 




Output Noise Voltage 

10 Hz- 100 kHz 


50 


nV 


Output Impedance 

l 0 = 100 mADC + 10 mArms 


200 


mft 


Ripple Rejection 



56 


dB 


Current Limit 


150 

400 

700 

mA 


Dropout Voltage 

l 0 = 150 mA 


0.32 

0.6 

V 


Thermal Resistance 

Junction to Case 


4 


°C/W 



Junction to Ambient 


50 



Note 1: Unless otherwise specified: V|n = 14V, l 0 = 150 mA, Tj = 25°C, Cl = 0.1 jaF, C2 = 10 p,F. All characteristics except noise voltage and ripple rejection 
are measured using pulse techniques (tw £ 10 ms, duty cycle £ 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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LM330 


Typical Performance Characteristics (Continued) 



1 10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Overvoltage Supply Current 



20 25 30 35 40 

INPUT VOLTAGE (V) 


Reverse Supply Current 



-12 -10 -8 -6 -4 -2 0 


INPUT VOLTAGE (V) 


% 

i 


Output at Reverse Supply 



-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 



30 35 40 

INPUT VOLTAGE (V) 


Output Voltage (Normalized 
to 5V at Tj = 25°C) 


5.025 

5.000 

V |N =14V 


















4.975 

4.950 





















r 




















4.925 

4.900 










































-60-40-20 0 20 40 60 80 100120140 


JUNCTION TEMPERATURE (°C) 


TL/H/9306-4 


Typical Applications 

The LM330 is designed specifically to operate at lower input 
to output voltages. The device is designed utilizing a power 
lateral PNP transistor which reduces dropout voltage from 
2.0V to 0.3V when compared to 1C regulators using NPN 
pass transistors. Since the LM330 can operate at a much 
lower input voltage, the device power dissipation is reduced, 
heat sinking can be simpler and device reliability im- 


proved through lower chip operating temperature. Also, a 
cost savings can be utilized through use of lower power/ 
voltage components. In applications utilizing battery power, 
the LM330 allows the battery voltage to drop to within 0.3V 
of output voltage prior to the voltage regulator dropping out 
of regulation. 


V IN 

UNREGULATED C 
INPUT 


LM330 


°"tt ,n GNo ouT nr° 

C1 * -L. 1 , 1 ’ Jic2” 


0.1 tx? 


x TFx 1 


v 0UT 

REGULATED 
OUTPUT 
C2** 

10/iF 


TL/H/9306-5 

* Required if regulator is located far from power supply filter. 

** C2 may be either an Aluminum or Tantalum type capacitor but 
must be rated to operate at -40°C to guarantee regulator stability 
to that temperature extreme. 10 /xF is the minimum value required 
for stability and may be increased without bound. Locate as close 
as possible to the regulation. 


i 


I 



0 25 50 75 100 125 150 

loUT ( mA ) 

TL/H/9306-6 


Note: Compared to 1C regulator with 2.0V dropout voltage and 
lomax. = 6-0 mA. 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of V Q : The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 


1 
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LM337L 


National 

Semiconductor 


LM337L 3-Terminal Adjustable Regulator 


General Description 

The LM337L is an adjustable 3-terminal negative voltage 
regulator capable of supplying 100 mA over a 1.2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Fur- 
thermore, both line and load regulation are better than stan- 
dard fixed regulators. Also, the LM337L is packaged in a 
standard TO-92 transistor package which is easy to use. 

In addition to higher performance than fixed regulators, the 
LM337L offers full overload protection. Included on the chip 
are current limit, thermal overload protection and safe area 
protection. All overload protection circuitry remains fully 
functional even if the adjustment terminal is disconnected. 
Normally, only a single 1 jtiF solid tantalum output capacitor 
is needed unless the device is situated more than 6 inches 
from the input filter capacitors, in which case an input by- 
pass is needed. A larger output capacitor can be added to 
improve transient response. The adjustment terminal can be 
bypassed to achieve very high ripple rejection ratios which 
are difficult to achieve with standard 3-terminal regulators. 
Besides replacing fixed regulators, the LM337L is useful in a 
wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not ex- 
ceeded. 

Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment and output, the 
LM337L can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1 .2V where most loads draw little current. 

Typical Applications 


1.2V-2SV Adjustable Regulator 



*" TL/H/9134-3 

Full output current not available at high input-output voltages 

-Vout= -1-25V (l+jS.) V 

tCI = 1 juF solid tantalum or 10 jaF aluminum electrolytic 
required for stability 

*C2 = 1 juF solid tantalum is required only if regulator is more 
than 4" from power supply filter capacitor 


The LM337L is available in a standard TO-92 transistor 
package and a SO-8 surface mount package. The LM337L 
is rated for operation over a -25°C to + 125°C range. 

For applications requiring greater output current in excess 
of 0.5A and 1.5A, see LM137 series data sheets. For the 
positive complement, see series LM117 and LM317L data 
sheets. 

Features 

■ Adjustable output down to 1 .2V 

■ Guaranteed 1 00 mA output current 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.1% 

■ Current limit constant with temperature 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 

■ Output is short circuit protected 

Connection Diagram 



Bottom View n/H/9134-2 

Top View 

Order Number LM337LM or LM337LZ 
See NS Package Number M08A or Z03A 


Regulator with Trimmable Output Voltage 



TL/H/9134-4 

Trim Procedure: 

—If Vout is - 23.08V or bigger, cut out R3 (if smaller, don’t cut it out). 

— Then if Vout is -22.47V or bigger, cut out R4 (if smaller, don’t). 

—Then if Vout is -22.16V or bigger, cut out R5 (if smaller, don’t). 

This will trim the output to well within 1 % of -22.00 Vqc. without any of the 
expense or trouble of a trim pot (see LB-46). Of course, this technique can 
be used at any output voltage level. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Power Dissipation Internally Limited 

Input-Output Voltage Differential 40V 


Operating Junction Temperature Range -25°C to + 1 25°C 
Storage Temperature -55°Cto +150°C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 

Plastic Package (Soldering 4 sec.) 260°C 

ESD rating to be determined. 


Electrical Characteristics (Note d 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Line Regulation 

T A = 25°C, 3V |V| N - VoutI s 40V, 

(Note 2) 


0.01 

0.04 

%/V 

Load Regulation 

Ta = 25°C, 5 mA ^ louT ^ •MAX. (Note 2) 


0.1 

0.5 

% 

Thermal Regulation 

Ta = 25°C, 10 ms Pulse 


0.04 

0.2 

%/w 

Adjustment Pin Current 



50 

100 

jliA 

Adjustment Pin Current Change 

5 mA ^ l|_ £ 100 mA 

3V ^ |V|N - VqutI ^ 40V 


0.2 

5 

JLtA 

Reference Voltage 

3V ^ |V| N - VqutI <; 40V, (Note 3) 

10 mA <; Iout ^100 mA, P <1 625 mW 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V <; |V| N - VqutI ^ 40V, (Note 2) 


0.02 

0.07 

%/V 

Load Regulation 

5 mA ^ Iqut ^ 100 mA, (Note 2) 


0.3 

1.5 

% 

Temperature Stability 

Tmin ^ T j ^ Tmax 


0.65 


% 

Minimum Load Current 

|V| N - VoutI ^ 40V 


3.5 

5 

mA 


3V ^ |V| N - VoutI ^ isv 


2.2 

3.5 

mA 

Current Limit 

3V <; |V| N - VoutI ^ 13V 

100 

200 

320 

mA 


|Vin - VoutI = 40V 

25 

50 

120 

mA 

Rms Output Noise, % of Vqut 

T a = 25°C, 10 Hz ^ f ^ 10 kHz 


0.003 


% 

Ripple Rejection Ratio 

V 0 UT = -10V, F = 120 Hz, C AD J = 0 


65 


dB 


^ADJ = 10/iF 

66 

80 


dB 

Long-Term Stability 

T a = 125°C 


0.3 

1 

% 


Note 1 : Unless otherwise specified, these specifications apply -25°C ^ Tj £ + 125°C for the LM337L; |V|n - VoutI = 5V and Iqut = 40 mA. Although power 
dissipation is internally limited, these specifications are applicable for power dissipations up to 625 mW. Imax is 100 mA - 


Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. 

Note 3: Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4" leads from a PC board and 160°C/W junction to ambient with 0.125" 
lead length to PC board. The M package 0jA.is 180°C/W in still air. 



1 
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LM341 Series 


National 
Semiconductor 

LM341 Series 3-Terminal Positive Regulators 

General Description 

The LM341-XX series of three terminal regulators is avail- 
able with several fixed output voltages making them useful 
in a wide range of applications. One of these is local on card 
regulation, eliminating the distribution problems associated 
with single point regulation. The voltages available allow 
these regulators to be used in logic systems, instrumenta- 
tion, HiFi, and other solid state electronic equipment. Al- 
though designed primarily as fixed voltage regulators these 
devices can be used with external components to obtain 
adjustable voltages and currents. 

The LM341-XX series is available in TO-202 and TO-220 
plastic packages allowing these regulators to deliver over 
0.5A if adequate heat sinking is provided. Current limiting is 
included to limit the peak output current to a safe value. 

Safe area protection for the output transistor is provided to 
limit internal power dissipation. If internal power dissipation 
becomes too high for the heat sinking provided, the thermal 
shutdown circuit takes over preventing the 1C from over- 
heating. 


Considerable effort was expended to make the LM341-XX 
series of regulators easy to use and minimize the number of 
external components. It is not necessary to bypass the out- 
put, although this does improve transient response. Input 
bypassing is needed only if the regulator is located far from 
the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the LM117 
series provides an output voltage range from 1.2V to 57V. 

Features 

■ Output current in excess of 0.5A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 and TO-220 package 

■ Special circuitry allows start-up even if output is pulled 
to negative voltage ( ± supplies) 



Schematic Diagram 



TL/H/1 0484-1 
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Absolute Maximum Ratings (Note d 





If Military/Aerospace specified devices are required, 

Maximum Junction Temperature 

+ 125°C 

please 

contact the National Semiconductor Sales 

Storage Temperature Range 

— 65°C to + 1 50°C 

Office/Distributors for availability and specifications. 

Lead T emperature (Soldering, 1 0 sec.) + 230°C 

Input Voltage 

35V 

ESD Susceptibility 


TBD 

Internal Power Dissipation 

Internally Limited 





Operating Temperature Range 0°C to 4- 70°C 





Electrical Characteristics Ta = 0°c to + 70°C, l 0 = 500 mA, unless otherwise noted 


Output Voltage 

5V 

12V 

15V 


Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Min Typ Min 

Min Typ Max 


Vo 

Output Voltage 

Tj = 25°C 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 



P D £ 7.5W, 5 mA <; l 0 <; 500 mA 

4.75 5.25 

11.4 12.6 

14.25 15.75 

V 



and V M in ^ V| N ^ V MAX 

(7.5^V| N ^20) 

(14.8^V| N ^27) 

(18^V| N <;30) 


AV 0 

Line Regulation 

Tj = 25°C, l 0 = 100 mA 

50 

120 

150 

mV 



Tj = 25°C, l 0 = 500 mA 

100 

240 

300 

mV 




(7. 2£V| N £25) 

(14.5^V|n^30) 

(17.6<:V| N <;30) 


AV 0 

Load Regulation 

Tj = 25°C, 5 mA ^ Iq ^ 500 mA 

100 

240 

300 

mV 

AV 0 

Long Term Stability 


20 

48 

60 

mV/khrs 

■q 

Quiescent Current 

Tj = 25°C 

4 10 

4 10 

4 10 

mA 

AIq 

Quiescent Current 

Tj = 25°C 

0.5 

0.5 

0.5 

mA 


Change 

5 mA ^ lo ^ 500 mA 



Tj = 25°C 

1 

1 

1 

mA 



VMIN ^ V IN ^ V MAX 

(7.5^V| N ^25) 

(14.8^V|m<;30) 

(18<;V| N <;30) 


V n 

Output Noise Voltage 

Tj = 25°C, f = 10 Hz-100 kHz 

40 

75 

90 

J*v 

AV,n 

AVqut 

Ripple Rejection 

f = 120 Hz 

78 

71 

69 

dB 


Input Voltage 
Required to Maintain 
Line Regulation 

Tj = 25°C, l 0 = 500 mA 

7.2 

14.5 

17.6 

V 


Thermal Resistance 

P Package 

12 

12 

12 

°C/W 


Junction to Case 

T Package 

5 

5 

5 

°C/W 


Thermal Resistance 

P Package 

70 

70 

70 

°C/W 


Junction to Ambient 

T Package 

60 

60 

60 

°C/W 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
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LM341 Series 


Typical Performance Characteristics 


Maximum Average Power 



AMBIENT TEMPERATURE (°C) 


Peak Output Current 



Ripple Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Ripple Rejection 




f= 

20 Hz 

-V 0 ut=8V dc 
+ 3.5Vrms 
= 500 mA 



V IN 



•out 

Ti = 



'J 

• 








PART = V 

- LM78M5.0C, 1 
LM78M12C, 1 

- LM78M15C, 2 

1 

IN 

0V 



9V 



3V — 
1 




0 5 10 15 20 25 


OUTPUT VOLTAGE (V) 


Dropout Voltage 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Output Voltage (Normalized 



JUNCTION TEMPERATURE (°C) 


Quiescent Current 



INPUT VOLTAGE (V) 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Output Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

TL/H/10484-4 
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Connection Diagrams 


TO-202 (P) TO-220 (T) 

Plastic Package Plastic Package 



TL/H/ 10484-2 

Order Numbers 


LM34 IP-5.0 
LM341P-12 
LM341P-15 

See NS Package Number P03A 
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National 

Semiconductor 


LM342 Series 

3-Terminal Positive Regulators 


General Description 

The LM342-XX series of three-terminal regulators is avail- 
able with several fixed output voltages, making them useful 
in a wide range of applications. One of these is local on card 
regulation, eliminating the distribution problems associated 
with single point regulation. The voltages available allow 
these regulators to be used in logic systems, instrumenta- 
tion, HiFi, and other solid state electronic equipment. Al- 
though designed primarily as fixed voltage regulators these 
devices can be used with external components to obtain 
adjustable voltages and currents. 

The LM342-XX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.25A if adequate heat sinking is provided. Current lim- 
iting is included to limit the peak output current to a safe 
value. Safe area protection for the output transistor is pro- 
vided to limit internal power dissipation. If internal power 
dissipation becomes too high for the heat sinking provided, 
the thermal shutdown circuit takes over, preventing the 1C 
from overheating. 

Considerable effort was expended to make the LM342-XX 
series of regulators easy to use and minimize the number of 
external components. It is not necessary to bypass the 


Schematic Diagram 


output, although this does improve transient response. Input 
bypassing is needed only if the regulator is located far from 
the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the LM117 
series provides an output voltage range from 1 .2V to 57V. 

Features 

■ Output current in excess of 0.25A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 

■ Special circuitry allows start-up even if output is pulled 
to negative voltage (± supplies) 

Voltage Range 

LM342-5.0 5V 
LM342-12 12V 

LM342-15 15V 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

V 0 = 5V 30V 

V 0 = 12V and 15V 35V 

Internal Power Dissipation Internally Limited 

Operating Temperature Range 0°C to + 70°C 


Maximum Junction Temperature 125°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 

ESD Susceptibility TBD 


Electrical Characteristics t a = o°c to + 7o°c, i 0 = 250 mA (Note 2) unless noted 


Output Voltage 

5V 

12V 

15V 

Units 

Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Min Typ Min 

Min Typ Max 

Vo 

Output Voltage 
(Note 3) 

Tj = 25°C 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 

1 mA ^ Iq ^ 250 mA and 

Vmin ^ V| N ^ V MA X 

4.75 5.25 

(7.5^V| N ^20) 

11.4 12.6 

(14.8^V| N ^27) 

14.25 15.75 

(18^V| N ^30) 

V 

AV 0 

Line Regulation 

Tj = 25°C, l 0 = 250 mA 

55 

(7.3^V| N ^25) 

100 

(14.6£V| N <;30) 

100 

(17.7<;V| N £30) 

mV 

AV 0 

Load Regulation 

Tj = 25°C, 1 mA ^ Iq ^ 250 mA 

50 

120 

150 

mV 

AV 0 

Long Term Stability 


20 

48 

60 

mV/khrs 

|q 

Quiescent Current 

Tj = 25°C 

6 

6 

6 

mA 

AIq 

Quiescent Current 
Change 

Tj = 25°C, 1 mA ^ lo ^ 250 mA 

0.5 

0.5 

0.5 

mA 

Tj = 25°c, v M in ^ V| N ^ v MA x 

1.5 

(7.3£V| N <;25) 

1.5 

(14.6£V| N <;30) 

1.5 

(17.7 <iV| N ^30) 

mA 

V n 

Output Noise Voltage 

Tj = 25°C,f = 10 Hz-10 kHz 

40 

96 

120 

juV 

av, n 

AVquT 

Ripple Rejection 

f = 120 Hz 

50 64 

44 56 

42 56 

dB 


Input Voltage 

Required to Maintain 
Line Regulation 

Tj = 25°C, 1 0 = 250 mA 

7.3 

14.6 

17.7 

V 


Thermal Resistance 
Junction to Case 

P Package 

15 

15 

15 

°C/W 


Thermal Resistance 
Junction to Ambient 

P Package 

80 

80 

80 

°C/W 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
Note 2: The electrical characteristics data represent pulse test conditions with junction temperatures as shown at the initiation of tests. 

Note 3: The temperature coefficient of Vqut is typically within 0.01 % Vq/°C. 
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LM342 Series 


Typical Performance Characteristics 


Maximum Average Power 



Peak Output Current 

0.8 

0.7 

S °* 6 

§ 0 5 
| 0.4 
| 0J 

I 0.2 
0.1 
0 

0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V) 




JUNCTION TEMPERATURE (°C) 


Ripple Rejection 


70 


60 


50 


40 

0 5 10 15 20 25 





120 Hz 

AV, N = 7Vp_p 
Iq = 250 mA 

Ti = 25°C 






• 



PART 

10 . 


'in — 



LM342-5.0 

11V 



- LM432-12 

19V — 

— 

— 

LM342-15 

23V 




Ripple Rejection 


g 

i 

min 


in 


hi 

Hill 

■ 

■ 

mini 

■ 


mm 

■I 

■■ 

ui 1 



i 




ii 

iiiiiii 

ill 








ini 

Hill 





i 


P 


M||| 





i 


E 

B 





i 


E 





i 


ti 


10 100 Ik 10k 100k 


Output Impedance 



10 100 Ik 10k 100k 1M 


OUTPUT VOLTAGE (V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Quiescent Current 



INPUT VOLTAGE (V) 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


TL/H/1 0485-3 
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Connection Diagram 

TO-202 (P) Plastic Package 


o 

«*- GND 


£ 


uuu 


INPUT -H k- OUTPUT 


uuu 

I — GND 

TL/H/1 0485-2 

Order Number LM342P-5.0, 
LM342P-12 or LM342P-15 
See NS Package Number P03A 


Typical Applications 

Fixed Output Regulator 


INPUT O- 


Cl\ 

0.22 fx? m 


LM342-XX 


GND 


-O OUTPUT 


:C2* 


TL/H/1 0405-4 

‘Required if the regulator is located far from power supply filter 

“Although not required, C2 does improve transient response. (If needed, use 0.1 juF ceramic disc.) 


Adjustable Output Regulator 



Vo = 5V + (5V/R1 + Iq) R2 

5V/R1 > 3I q , Load Regulation (L R ) = [(R1 + R2)/R1] X (L r of LM342-05) 


Current Regulator 



TL/H/1 0485-6 

(OUT = V 2_3 /R1 + Iq 

AIq £ 1.5 mA over line and load changes 
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LM342 Series 



LM342 Series 


Typical Applications (Continued) 


High Output Voltage Regulator 



TL/H/1 0485-7 

♦Necessary if regulator is located far from the power supply filter 

**D3 aids in full load start-up and protects the regulator during short circuits from high input to output voltage differentials 


± 15V, 250 mA Dual Power Supply 


V| N = 20V O- 


GND O- 


-V, n = -20VO- 


LM342-15 

Cl 

0.22 fjf 


03 

0.33 fM F 


LM320MP-15 


. C2 

nr °-i af 


O V 0U J = 15V @ 250 mA 


~T 

, C4 

* 0.1 fx? 


O GND 


O -V 0UT = -15V @ 250 mA 


Variable Output Regulator 0.5V- 18V 



♦Solid tantalum 
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National 
Semiconductor 

LM431A 

Adjustable Precision Zener Shunt Regulator 

General Description 

The LM431A is a 3-terminal adjustable shunt regulator with 
guaranteed temperature stability over the entire tempera- 
ture range of operation. The output voltage may be set at 
any level greater than 2.5V (Vref) up to 36V merely by 
selecting two external resistors that act as a voltage divided 
network. Due to the sharp turn-on characteristics this device 
is an excellent replacement for many zener diode applica- 
tions. 


Features 

■ Average temperature coefficient 50 ppm/°C 

■ Temperature compensated for operation over the full 
temperature range 

■ Programmable output voltage 

■ Fast turn-on response 

■ Low output noise 



Connection Diagrams 



CATHODE 


Top View 


TL/H/10055-1 


Order Number LM431ACZ or LM431 AIZ 
See NS Package Number Z03A 


CATHODE 

ANODE 

ANODE 

NC 


TL/H/1 0055-2 

Top View 




-REFERENCE 

-ANODE 

-ANODE 

-NC 


Order Number LM431ACM 
See NS Package Number M08A 
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LM431A 


Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Cathode Voltage 37V 

please contact the National Semiconductor Sales Continuous Cathode Current - 10 mA to +150 mA 

Office/Distributors (or availability and specifications. Reference Voltage -0.5V 

Storage Temperature Range -65’Cto +150°C Reference Input Current 10mA 

— 40°C,o +85°C OP cIfhol C Volteo°e nS v”'" £ 

Commercial (LM431AC) 0»Cto+70»C c" Current 1 0mA 100 mA 

Lead Temperature Note 1; Tj Max . 150 . c . 

TO-92 Package/SO-8 Package Note 2: Ratings appy to ambient temperature at 25°C. Above this tempera- 

(Soldering, 1 0 sec.) 265°C ture, derate the TO-92 at 6.2 mW/ # C, and the SO-8 at 6.5 mW/°C. 

Internal Power Dissipation (Notes 1, 2) 

TO-92 Package 0.78W 

SO-8 Package 0.81 W 

LM431A 

Electrical Characteristics ta = 25°c unless otherwise specified 


Parameter 

Conditions 




■I 


Reference Voltage 

V Z = Vref. 1 i = 10 mA (Figure 1) 




mam 

Vdev 

Deviation of Reference 

Input Voltage Over 
Temperature (Note 3) 

V z = Vref. I| = 10 mA, 

Ta = Full Range (Figure 1) 


8.0 

17 

mV 


Ratio of the Change in 
Reference Voltage to the 
Change in Cathode 

Voltage 

l z = 10 mA 
(Figure 2) 

V z from Vref *° 10 V 



m 


Vz from 1 0V to 36V 




•ref 

Reference Input Current 

Rl = 10 kft, R2 = 00 , 
l| = 10 mA (Figure 2) 


2.0 

4.0 


“•ref 

Deviation of Reference 

Input Current over 
Temperature 

R-l = 10 kn, R 2 = 00 , 
l| = 10 mA, 

Ta = Full Range (Figure 2) 


0.4 

1.2 


•z(MIN) 

Minimum Cathode Current 
for Regulation 

Vz = Vref (Figure 1) 


0.4 

1.0 

mA 

•z(OFF) 

Off-State Current 

V z = 36V, V REF = 0V (Figure 3) 


0.3 

1.0 

/xA 

rz 

Dynamic Output 

Impedance (Note 4) 

Vz = Vref. 

Frequency = 0 Hz (Figure 1) 



0.75 

n 

Note 3: Deviation of reference input voltage, Vdev. is defined as the maxi- The average temperature coefficient of the reference input voltage, « V REF , 

mum variation of the reference input voltage over the full temperature range. is defined as: 

.fVMax-VMinl [ V DEV 1 

.. ppm [v R EF(at25 0 C)Jio6 LV REF (at25°C)Jio 6 

V MAX - 

V MIN “ 

~ V MI^^ | 

1 

1 

1 

°c Tg-T! Ta-T! 

Where: 

T 2 - Ti = full temperature change. 

ocVr EE °a n be positive or negative depending on whether the slope is posi- 
tive or negative. 

Example: Vdev = 8 -0 mV, Vr EE = 2495 mV, T 2 - Ti = 70°C, slope is 
positive. 

I" 8.0 mV 1 

[2495 mVJio 6 , _ 

7Qoc 1-46 ppm/ C 

Note 4: The dynamic output impedance, rz, is defined as: 

AV Z 

1 

^ ^2 
TEMPERATURE 

TL/H/10055- 

Z Al z 

When the device is programmed with two external resistors, Rl and R2, (see 
Figure 2), the dynamic output impedance of the overall circuit, r z , is defined 

7 as: 

AV Z r ^ Rl I 

rz = ^ S l rz1+ RiJ 
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Equivalent Circuit 



TL/H/1 0055-3 


DC Test Circuits 



TL/H/1 0055-4 

FIGURE 1. Test Circuit for V z = V REF 


Note: V z 


TL/H/1 0055-5 

V REF (1 + R1/R2) + Ir EF # R1 

FIGURE 2. Test Circuit for V z > V REF 



TL/H/10055-6 

FIGURE 3. Test Circuit for Off-State Current 




LM431A 


Typical Performance Characteristics 


Input Current vs Vz 



CATHODE VOLTAGE - V 



150 


1 

i 100 
£ 
s 

5 50 

Ou 


0 

0 IjD 20 30 

CATHODE VOLTAGE - V 

TL/H/10055-8 


Input Current vs Vz 



Dynamic Impedance vs 
Frequency 


^5 


TL/H/1 0055-10 



Stability Boundary Conditions 



10pF lOOpF lOOOpF 0.01 >iF 0.1 a*F 1/xF 10^F 


LOAD CAPACITANCE 


TL/H/10055-11 

Test Circuit for Curve A Above 


Note 1: The areas under the curves represent conditions that may cause the 
device to oscillate. For curves B, C, and D, R2 and V+ were adjusted to 
establish the initial Vz and lz conditions with Cl = 0. V+ and Cl were then 
adjusted to determine the ranges of stability. 


Test Circuit for Curves B, C and D Above 
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Typical Applications 

Shunt Regulator 



Series Regulator 



Single Supply Comparator with 
Temperature Compensated Threshold 

v+ 



TL/H/10055-15 


Output Control of a Three 
Terminal Fixed Regulator 



/ R1 v TL/H/10055-17 

Vo “( 1 + Si) VREF 

Vo MIN = Vref + 5V 
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Typical Applications (Continued) 


Delay Timer 



DELAY 


R • C • £n 


V + 

<V+) - v REF 


Current Limiter or Current Source 



Constant Current Sink 
v+ 



TL/H/1 0055-24 





LM723/LM723C 


National 

kA Semiconductor 

LM723/LM723C Voltage 


Regulator 


General Description 

The LM723/LM723C is a voltage regulator designed primar- 
ily for series regulator applications. By itself, it will supply 
output currents up to 1 50 mA; but external transistors can 
be added to provide any desired load current. The circuit 
features extremely low standby current drain, and provision 
is made for either linear or foldback current limiting. 

The LM723/LM723C is also useful in a wide range of other 
applications such as a shunt regulator, a current regulator or 
a temperature controller. 

The LM723C is identical to the LM723 except that the 
LM723C has its performance guaranteed over a 0°C to 
+ 70°C temperature range, instead of - 55°C to + 1 25°C. 


Features 

■ 1 50 mA output current without external pass transistor 

■ Output currents in excess of 10A possible by adding 
external transistors 

■ Input voltage 40V max 

■ Output voltage adjustable from 2 V to 37V 

■ Can be used as either a linear or a switching regulator 


Connection Diagrams 


Dual-ln-Line Package 


Metal Can Package 




\_7 


NC — 

1 

14 

-NC 

CURRENT LIMIT- 

2 

13 

FREQUENCY 

COMPENSATIONS 

CURRENT SENSE- 

3 

12 

— V + 

INVERTING INPUT — 

4 

11 

-v c 

NON-INVERTING 

INPUT 

5 

10 

~ V 0UT 

V REF“ 

6 

9 

-v z 

v“- 

7 

8 

-NC 


TL/H/8563-2 

Top View 


Order Number LM723J, LM723CJ, 
LM723CM or LM723CN 
See NS Package J14A, M14A or N14A 


CURRENT 

LIMIT 



TL/H/8563-3 


Note: Pin 5 connected to case. 

Top View 

Order Number LM723H or LM723CH 
See NS Package H10C 


Equivalent Circuit* 


TEMPERATURE 

COMPENSATED 

ZENER 


FREQUENCY 

V * COMPENSATION 



TL/H/8563-4 


*Pin numbers refer to metal can package. 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Internal Power Dissipation Metal Can (Note 1) 800 mW 

please contact the National Semiconductor Sales Cavity DIP (Note 1) 900 mW 

Office/Distributors for availability and specifications. Molded DIP (Note 1) 660 mW 

(Note 9) Operating T emperature Range LM723 - 55°C to + 1 50°C 

Pulse Voltage from V+ to V~ (50 ms) 50V LM723C 0°C to + 70°C 

Continuous Voltage from V+ to V~ 40V Storage Temperature Range Metal Can -65°Cto + 150°C 

Input-Output Voltage Differential 40V Molded DIP - 55°C to + 1 50°C 

Maximum Amplifier Input Voltage (Either Input) 8.5V Lead Temperature (Soldering, 4 sec. max.) 

Maximum Amplifier input Voltage (Differential) 5V SSteSSSS 9 * 260«C 

Current from V 7 25 mA 

* ESD Tolerance 1200V 

Current from Vref 15 rnA (Human body model, 1.5 kffc in series with 100 pF) 

Electrical Characteristics (Note 2 ) 

Parameter 

Conditions 

LM723 

LM723C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line Regulation 

V| N = 12V to V|n = 15V 


0.01 

0.1 


0.01 

0.1 

% VouT 


— 55°C ^ T A ^ +125°C 



0.3 




% VouT 


0°C ^ T A ^ + 70°C 






0.3 

% Vqut 


V| N = 12V to Vin = 40V 


0.02 

0.2 


0.1 

0.5 

% Vqut 

Load Regulation 

l|_ = 1 mAtol|_ = 50 mA 


0.03 

0.15 


0.03 

0.2 

% Vqut 


— 55°C ^ T a <; + 125°C 



0.6 




% VouT 


0°C ^ T A ^ +70°C 






0.6 

% Vqut 

Ripple Rejection 

f = 50 Hz to 10 kHz, C REF = 0 


74 



74 


dB 


f = 50 Hz to 1 0 kHz, Cref = 5 juF 


86 



86 


dB 

Average Temperature Coeffic- 

— 55°C ^ T a ^ +125°C 


0.002 

0.015 




%/°c 

ient of Output Voltage (Note 8) 

o°c <; T a ^ +70°C 





CO 

o 

o 

d 

0.015 

%/°c 

Short Circuit Current Limit 

Rsc = v OUT = 0 


65 



65 


mA 

Reference Voltage 


6.95 

7.15 

7.35 

6.80 

7.15 

7.50 

V 

Output Noise Voltage 

BW = 100 Hz to 10 kHz, C RE f = 0 


86 



86 


fiVrms 


BW = 100 Hz to 10 kHz, C REF = 5 jutF 


2.5 



2.5 


jaVrms 

Long Term Stability 



0.05 



0.05 


%/1000 hrs 

Standby Current Drain 

l L = 0, Vim = 30V 


1.7 

3.5 


1.7 

4.0 

mA 

Input Voltage Range 


9.5 


40 

9.5 


40 

V 

Output Voltage Range 


2.0 


37 

2.0 


37 

V 

Input-Output Voltage Differential 


3.0 


38 

3.0 


38 

V 

0JA 

Molded DIP 


105 



105 


°C/W 

0JA 

Cavity DIP 


KH 



K51 


°C/W 

0JA 

H10C Board Mount in Still Air 



BN 




°C/W 

0JA 

H10C Board Mount in 400 LF/Min Air Flow 


MM 



M i 

BH 

°C/W 

0JA 

SO 






BH 

°C/W 

0JC 



22 



22 


°C/W 

Note 1: See derating curves for maximum power rating above 25°C. 








Note 2: Unless otherwise specified, Ta = 25°C, Vin = V+ = Vq = 12V, V~ = 0, Vqut = 5V, \\_ = 1 mA, Rsc = 0, Cj = 100 pF, Cref = 0 and divider 

impedance as seen by error amplifier ^ 10 kft connected as shown in Figure 1. Line and load regulation specifications are given for the condition of constant chip 

temperature. Temperature drifts must be taken into account separately for high dissipation conditions. 







Note 3: Li is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009 in. air gap. 



Note 4: Figures in parentheses may be used if R1/R2 divider is placed on opposite input of error amp. 







Note 5: Replace R1/R2 in figures with divider shown in Figure 13. 








Note 6: V + and Vcc must be connected to a +3V or greater supply. 








Note 7: For metal can applications where Vz is required, an external 6.2V zener diode should be connected in series with Vqut- 




Note 8: Guaranteed by correlation to other tests. 








Note 9: Refer to RETS723X military specifications for the LM723. 
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OUTPUT VOLTAGE DEVIATION (mV) RELATIVE OUTPUT VOLTAGE (V) 


Typical Performance Characteristics 


Load Regulation 
Characteristics with 
Current Limiting 


0 S 10 IS 20 25 30 

OUTPUT CURRENT (mA) 


Current Limiting 
Characteristics 


Vout = 5V. V| N * +12V 
" Rsc * ion I I I 


20 40 60 80 

OUTPUT CURRENT (mA) 


Load Regulation 
Characteristics with 
Current Limiting 





Vout *5V,V, N = +12V 


r 


Rsc* 1052' 


Ss 


_LL 


0 20 40 60 80 

OUTPUT CURRENT (mA) 

Current Limiting 
Characteristics vs 
Junction Temperature 


0.6 r LIMIT CURRENT - 
— ) 1 Rsc * 5n _ 


LIMIT CURRENT 1 

M I I I iRsc-IOlH 


-50 0 50 100 150 

JUNCTION TEMPERATURE < C C) 


Load & Line Regulation vs 
Input-Output Voltage 
Differential 




v our * + 5V 



Rsc * 0 
t. - 4.»s°r 



AV-+3V 




l t « 1 m/ 






[LINE 



- 

1 

5 

LOAD 

h-K 

- 


_ 

L 



Vout = +5V 

-0.1 Rsc = 0 ^ 

T a = 25°C II II ll 
jjj It. » 1 mA to l L * 50 mA 

-5 5 15 25 35 45 

V, n -Vout<V) 

Standby Current Drain vs 
Input Voltage 



INPUT VOLTAGE (V) 


Line Transient Response 


■BSSZZISZS 1 I 

Irinut 



Load Transient Response 


o < 

o 5 5 4.0 


-5 6 IS 25 35 45 

TIME Gi$) 


[OUTPUT VOLTAGEff 


-5 5 15 25 35 45 

TIME Gjs) 


























Vin “+12V 
Vout ■ +5V 

— l L »40mA 

— T A - 25 C 

Rsc 1 o 


Output Impedence vs 
Frequency 


1 1 


mmi 

■IIIIIMUI 

iiSSSi 

IBII 

■ll 

!i!! 

!■■■ 

IIBII 

nisi 

m\ 

I iiSSSiiii'ii 

I I Hlllll 

moan 

mm 

IiiQCuQj 

iini 

j i!!!!!!!|! 

idiiiiii ■■■in ■him 

iiiiiin 11111111 iiiiiiniiiiii 
■iiiiniiiiiiuiiiiiiiiii 


100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Maximum Power Ratings 


Noise vs Filter Capacitor 
(Cref In Circuit of Figure 1 ) 
(Bandwidth 100 Hz to 10 kHz) 



.001 .01 .1 
CrefO*) 


LM723 

Power Dissipation vs 
Ambient Temperature 


1000 

DIP 


— 

— 

— 


800 

H 10 C 

ST 










Y 





, 600 




n 


r~ 







[ 

V 

w 



* inn 











300 TiMAX = 150 °C — | 

200 Rthsicsoc/w^ioc) — 

100 Rth = 1 50 °C/W (DIP) 

Q INO HEAT SINK | I 
-55 -25 0 25 50 75 100 125 150 
T a AMBIENT TEMPERATURE (°C) 


LM723C 

Power Dissipation vs 
Ambient Temperature 


400 1 1 1 ]r\ 

300 TtMAX = 1 50 °C — I 

200 r^^oc/w (H 10 C) 

100 Rth = 1 50°c/w (oip) 

0 INO HEAT SINK I || 

-55 -25 0 25 50 75 100 125 150 
T a AMBIENT TEMPERATURE (°C) 
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TABLE I. Resistor Values (left) for Standard Output Voltage 


Positive 

Output 

Voltage 

Applicable 

Figures 

Fixed 

Output 

±5% 

Output 
Adjustable 
±10% (Note 5) 

Negative 

Output 

Voltage 

Applicable 

Figures 

Fixed 

Output 

±5% 

5% Output 
Adjustable 
± 10% 

(Note 4) 

R1 

R2 

R1 

PI 

R2 

R1 

R2 

E9 

Cl 

R2 

+ 3.0 

1 , 5 , 6 , 9 , 12 ( 4 ) 

4.12 

3.01 

1.8 

0.5 

1.2 

+ 100 

7 


102 

2.2 

na 


+ 3.6 

1 , 5 , 6 , 9 , 12 ( 4 ) 

3.57 

3.65 

1.5 

0.5 

1.5 

+ 250 

7 


255 


na 

240 

+ 5.0 

1 , 5 , 6 , 9 , 12 ( 4 ) 




m 


-6 (Note 6 ) 

3 ,( 10 ) 

3.57 

2.43 

m 



+ 6.0 






m 

-9 

3,10 

3.48 

5.36 

1.2 

0.5 

2.0 

+ 9.0 

2 , 4 , ( 5 , 6 , 9 , 12 ) 

1.87 

7.15 

0.75 

1.0 

m 

-12 

3,10 

3.57 

8.45 

1.2 



+ 12 

2 , 4 , ( 5 , 6 , 9 , 12 ) 

4.87 

7.15 

2.0 

1.0 

3.0 

-15 

3,10 



IS 

BiH 

D 

+ 15 





BBf 

wm 

-28 

3,10 

3.57 

24.3 

1.2 

0.5 

10 

+ 28 

2 , 4 , ( 5 , 6 , 9 , 12 ) 

21.0 

7.15 


ifil 


-45 

8 

3.57 

41.2 

2.2 

na 


+45 

7 



2.2 

E3 


-100 

8 

3.57 

97.6 

2.2 

na 


+ 75 

7 




na 

m 

-250 

8 

3.57 

249 

2.2 

10 

240 


TABLE II. Formulae for Intermediate Output Voltages 


Outputs from + 2 to + 7 volts 

(Figures 1, 5, 6, 9, 12, [4]) 

Vout-(v RE fx r1 + R2 ) 

Outputs from + 4 to + 250 volts 

(Figure 7) 

Current Limiting 

, VseNSE 

'limit - D 

R sc 

Outputs from + 7 to + 37 volts 

(Figures 2, 4, [5, 6, 9, 12]) 

w L, Ri + R 2\ 

VQUT = (^VreF X r 2 J 

Outputs from -6 to -250 volts 

(Figures 3, 8, 10) 

Foldback Current Limiting 

, fV 0UT r 3 , VsENSE (R3 + R‘ 

lKNEE UscR4 + R SC R4 

, /VSENSE w R3 + R4^ 

'SHORT CKT=( Rgc X R4 j 

S ) 

1 


Typical Applications 

V.N V, N 



TL/H/8563-9 


FIGURE 1. Basic Low Voltage Regulator R1 R2 Typical Performance 

(VquT = 2 to 7 Volts) ° e ’ R1 + R2 Regulated Output Voltage 15V 

for minimum temperature drift. Line Regulation (AVin = 3V) 1 .5 mV 

R3 may be eliminated for Load Regulation (AIl = 50 mA) 4.5 mV 

minimum component count. 

FIGURE 2. Basic High Voltage Regulator 
(Vqut = 7 to 37 Volts) 


1 
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LM723/LM723C 


Typical Applications (Continued) 



Regulated Output Voltage - 1 5V 
Line Regulation (AVin = 3V) 1 mV 

Load Regulation (AIl = 100 mA) 2 mV 


FIGURE 3. Negative Voltage Regulator 


V|N 



Line Regulation (AVin = 3V) 1 .5 mV 
Load Regulation (AIl = 1 A) 1 5 mV 


REGULATED 

OUTPUT 


TL/H/8563-11 


FIGURE 4. Positive Voltage Regulator 
(External NPN Pass Transistor) 


V, N 



REGULATED 

OUTPUT 


TL/H/8563-12 

Typical Performance 

Regulated Output Voltage + 5V 
Line Regulation (AVin = 3V) 0.5 mV 
Load Regulation (AIl = 1A) 5 mV 


FIGURE 5. Positive Voltage Regulator 
(External PNP Pass Transistor) 


V,N 



TL/H/8563-13 

Typical Performance 

Regulated Output Voltage + 5V 

Line Regulation (AV !N - 3V) 0.5 mV 

Load Regulation (AIl = 10 mA) 1 mV 
Short Circuit Current 20 mA 

FIGURE 6. Foldback Current Limiting 
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Typical Applications (Continued) 


VlN 



Line Regulation (AVin = 20V) 1 5 mV 

Load Regulation (AIl. = 50 mA) 20 mV 


REGULATED 

OUTPUT 


TL/H/8563-14 


FIGURE 7. Positive Floating Regulator 


V,N 



REGULATED 

OUTPUT 


Line Regulation (AVin = 20V) 30 mV 


Load Regulation (AIl = 100 mA) 20 mV 


TL/H/8563-15 


FIGURE 8. Negative Floating Regulator 
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Typical Applications (Continued) 



Typical Performance 

Regulated Output Voltage + 5V 

Line Regulation (AVin = 30V) 10 mV 

Load Regulation (AIl = 2A) 80 mV 


TL/H/8563-16 


FIGURE 9. Positive Switching Regulator 


V,N 



Line Regulation (AVin = 20V) 8 mV 
Load Regulation (AIl = 2A) 6 mV 

FIGURE 10. Negative Switching Regulator 
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Typical Applications (Continued) 


REGULATED 

OUTPUT 



Note: Current limit transistor may be 
used for shutdown if current lim- 
iting is not required. 


Typical Performance 

Regulated Output Voltage + 5V 

Line Regulation (AV|n = 3V) 0.5 mV 

Load Regulation (Al|_ = 50 mA) 1 .5 mV 


FIGURE 11. Remote Shutdown Regulator with Current Limiting 



REGULATED 

OUTPUT 


Typical Performance 

Regulated Output Voltage +5V 

Line Regulation (AVim = 10V) 0.5 mV 

Load Regulation (AIl. = 100 mA) 1.5 mV 

FIGURE 12. Shunt Regulator 
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Typical Applications (Continued) 


R1 

PI 

R2 



NONINVERTING 

INPUT 


TL/H/8563-20 


FIGURE 13. Output Voltage Adjust 
(See Note 5) 


Schematic Diagram 
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National 

Semiconductor 


LM2925 Low Dropout Regulator with Delayed Reset 


General Description 

The LM2925 features a low dropout, high current regulator. 
Also included on-chip is a reset function with an externally 
set delay time. Upon power up, or after the detection of any 
error in the regulated output, the reset pin remains in the 
active low state for the duration of the delay. Types of errors 
detected include any that cause the output to become 
unregulated: low input voltage, thermal shutdown, short cir- 
cuit, input transients, etc. No external pull-up resistor is nec- 
essary. The current charging the delay capacitor is very low, 
allowing long delay times. 

Designed primarily for automotive applications, the LM2925 
and all regulated circuitry are protected from reverse battery 
installations or two-battery jumps. During line transients, 
such as a load dump (60V) when the input voltage to the 
regulator can momentarily exceed the specified maximum 
operating voltage, the 0.75A regulator will automatically 
shut down to protect both internal circuits and the load. The 
LM2925 cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also provided. 


Features 

■ 5V, 750 mA output 

■ Externally set delay for reset 

■ Input-output differential less than 0.6V at 0.5A 

■ Reverse battery protection 

■ 60V load dump protection 

■ -50V reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ Available in plastic TO-220 

■ Long delay times available 

■ 100% electrical burn-in in thermal limit 


Typical Application Circuit 


VlN 



FIGURE 1. Test and Application Circuit 


* Required if regulator is located far from 
power supply filter. 

**Cout must be at least 10 /nF to maintain 
stability. May be increased without bound 
to maintain regulation during transients. 
Locate as close as possible to the regula- 
tor. This capacitor must be rated over the 
same operating temperature range as the 
regulator. The equivalent series resist- 
ance (ESR) of this capacitor is critical; 
see curve. 


Connection Diagram 

TO-220 5-Lead 


o 


3 5 RESET OUTPUT 
3 4 DELAY 
D 3 GROUND 

2 2 OUTPUT VOLTAGE (Vout) 
5 1 INPUT VOLTAGE (Vin) 


FRONT VIEW 

Order Number LM2925T 
See NS Package Number T05A 


TL/H/5268-2 


1 
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LM2925 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Operating Temperature Range 

please contact the National Semiconductor Sales Maximum Junction Temperature 

Office/Distributors for availability and specifications. storage Temperature Range 

input Voltage Lead Temperature 

Operating Range 26V (Soldering, 10 seconds) 

Overvoltage Protection 60V a 

, . IP1 .X M . . .. . ESD rating is to be determined 

Internal Power Dissipation (Note 1 ) Internally Limited 

Electrical Characteristics for Vqut 

V|n = 14V, C2 = 10 juf, Iq = 500 mA, Tj = 25°C (Note 3) (unless otherwise specified) 

- 

40°C to + 125°C 

150°C 

65°C to + 150°C 

260°C 

Parameter 

Conditions 


Min 

Typ 

Max 

Units 

Note 2 

Output Voltage 












6V^ V| N <: 26 V, l 0 £ 500 mA, 








V 


-40°C^ Tj <; +125°C 

4.75 

5.00 

5.25 



Line Regulation 

9V ^ V| N 16V, l 0 = 5 mA 




4 


25 


mV 


6V ^ V| N £ 26V, l 0 = 5 mA 




10 


50 


mV 

Load Regulation 

5 mA ^ Iq £ 500 mA 


10 

50 

mV | 

Output Impedance 

500 itiAdc and 10 mArms, 




200 




mft 


100 Hz-10 kHz 









Quiescent Current 

In ^ 10 mA 




3 




mA 


Iq 

= 500 mA 




40 

100 


mA 


Iq 

= 750 mA 




90 




mA 

Output Noise Voltage 

10 Hz-100 kHz 


100 


ju,Vrms 

Long Term Stability 



20 


mV/1000 hr 

Ripple Rejection 

fo 

= 120 Hz 


66 


dB 

Dropout Voltage 

>0 

= 500 mA 



0.45 


0.6 


V 


lo 

= 750 mA 



0.82 




V 

Current Limit 


0.75 

1.2 


A I 

Maximum Operational 




26 


31 




V 

Input Voltage 











Maximum Line Transient 

V 0 £ 5.5V 

60 

70 


v 1 

Reverse Polarity Input 

V 0 ^ - 0.6V, ion Load 


-15 


-30 




V 

Voltage, DC 











Reverse Polarity Input 

1 % Duty Cycle, r £ 1 00 ms, 


-50 


-80 




V 

Voltage, Transient 

ion Load 









Electrical Characteristics for Reset Output 








Vim = 14V, C3 = 0.1 juF, T A 

= 25°C (Note 3) (unless otherwise specified) 







Parameter 


Conditions 


Min 

n 

Typ 

Max 

Units 







Note 2 




Reset Voltage 











Output Low 


•SINK = 1.6 mA, V|n = 35V 




0.3 


0.6 

V 

Output High 


■source = 0 


4.5 


5.0 


5.5 

V 

Reset Internal Pull-up Resistor 



30 


kn 

Reset Output Current Limit 

VRESET = 1.2 V 


5 


mA 

Vout Threshold 



4.5 


V 

Delay Time 


C 3 = .005 /xF 




12 




ms 



C 3 = 0.1 juF 


150 


250 

300 

ms 



C 3 = 4.7 /aF tantalum 




12 




s 

| Delay Current 

Pin 4 

1.2 

1.95 

2.5 

ju.A 

1 Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W (TO-220). Thermal resistance for TO-220 case to ambient temperature is 

50°C/W. 











Note 2: These parameters are guaranteed and 100% production tested. 









Note 3: To ensure constant junction temperature, low duty cycle pulse testing is used. 










1-210 













RESET VOLTAGE (V) RESET VOLTAGE (V) 



LM2925 




§} Typical Performance Characteristics (continued) 


Dropout Voltage 











'out = 

500 ml 


— 1 

r 









00 mA 



■out®! 




-40 0 40 80 120 160 

JUNCTION TEMPERATURE (°C) 

TL/H/5268-10 

Ripple Rejection 


■VOUT 

Iout =500 mA 
C2 — 10 /tF 


Line Transient Response 


mm 

■ 

■■■■ 

■ 


■ 

■■■■ 

■■ 

■ 

btjbb 

■■ 

■ 

gun 

5 

5 

2 

SBBB 


0 10 20 30 40 50 60 

TIME (/is) 

TL/H/5268-1 1 


Quiescent Current 


Ripple Rejection 

I fo = 120 Hz I ™] 


150 300 450 600 750 

OUTPUT CURRENT (mA) 

TL/H/5268-1 2 


Output Voltage 


c Rl = 10« 

a 44-C 


10 100 Ik 10k 

FREQUENCY (Hz) 

TL/H/5268-1 3 

Quiescent Current 

°l ^ 1 I HJ 

Iqiit = 500 mA ^ 


-40 0 40 80 120 160 

JUNCTION TEMPERATURE (°C) 


0 150 300 450 600 750 

OUTPUT CURRENT (mA) 

TL/H/5268-1 4 

Quiescent Current 



-40 -20 0 20 40 60 

INPUT VOLTAGE (V) 


-40 -20 0 20 40 60 

INPUT VOLTAGE (V) 

TL/H/5268-1 5 


Load Transient Response 



ra 

mm 

mwA 

5 

5 

A* 

m 

55 


5 

■ 

■ 

■5 


5 

=9 

5 

5= 


B 


0 10 20 30 40 50 60 

TIME (us) 

TL/H/5268-1 8 


Peak Output Current 



0 5 10 15 20 25 30 

INPUT VOLTAGE (V) 

TL/H/5268-20 


Maximum Power 
Dissipation (TO-220) 


jjaiisss 


0 10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE (°C) 

TL/H/5268-21 


Output Capacitor ESR 



0 100 200 300 400 500 

OUTPUT CURRENT (mA) 

TL/H/5268-22 


1-212 




Application Hints 

EXTERNAL CAPACITORS 


Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: The part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vo: The percentage change in 
ouput voltage for a thermal variation from room temperature 
to either temperature extreme. 


The LM2925 output capacitor is required for stability. With- 
out it, the regulator output will oscillate, sometimes by many 
volts. Though the 10 juF shown is the minimum recommend- 
ed value, actual size and type may vary depending upon the 
application load and temperature range. Capacitor effective 
series resistance (ESR) also effects the 1C stability. Since 
ESR varies from one brand to the next, some bench work 
may be required to determine the minimum capacitor value 
to use in production. Worst-case is usually determined at 
the minimum junction and ambient temperature and maxi- 
mum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltages during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than -30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to -40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 


The range of values for the delay capacitor is limited only by 
stray capacitances on the lower extreme and capacitance 
leakage on the other. Thus, delay times from microseconds 
to seconds are possible. The low charging current, typically 
2.0 microamps, allows the use of small, inexpensive disc 
capacitors for the nominal range of 100 to 500 milliseconds. 
This is the time required in many microprocessor systems 
for the clock oscillator to stabilize when initially powered up. 
The RESET output of the regulator will thus prevent errone- 
ous data and/or timing functions to occur during this part of 
operation. The same delay is incorporated after any other 
fault condition in the regulator output is corrected. 


RESET OUTPUT 


1 
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National 

Semiconductor 


LM2930 3-Terminal Positive Regulator 


General Description 

The LM2930 3-terminal positive regulator features an ability 
to source 150 mA of output current with an input-output 
differential of 0.6V or less. Efficient use of low input voltages 
obtained, for example, from an automotive battery during 
cold crank conditions, allows 5V circuitry to be properly 
powered with supply voltages as low as 5.6V. Familiar regu- 
lator features such as current limit and thermal overload 
protection are also provided. 

Designed originally for automotive applications, the LM2930 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (40V) when the input voltage to the regula- 
tor can momentarily exceed the specified maximum operat- 
ing voltage, the regulator will automatically shut down to 
protect both internal circuits and the load. The LM2930 can- 
not be harmed by temporary mirror-image insertion. 

Fixed outputs of 5V and 8V are available in the plastic TO- 
220 power package. 


Features 

■ Input-output differential less than 0.6V 
es Output current in excess of 150 mA 

n Reverse battery protection 
B 40V load dump protection 
a Internal short circuit current limit 

■ Internal thermal overload protection 
B Mirror-image insertion protection 

a 100% electrical burn-in in thermal limit 

Voltage Range 

LM2930T-5.0 5V 

LM2930T-8.0 8V 


Schematic and Connection Diagrams 



OUTPUT 

GND 

INPUT 


FRONT VIEW 

Order Number LM2930T-5.0 or LM2930T-8.0 
See NS Package T03B 


GND 

O 


TL/H/5539-1 
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Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Internal Power Dissipation (Note 1) Internally Limited 

please contact the National Semiconductor Sales Operatinq Temperature Ranqe 

40°C to +85°C 

Office/Distributors lor availability and specifications. Maximum Junotion Temperature 

125°C 

Input Voltage 

Operating Range 

v Storage T emperature Range 

— 65°C to + 150°C 

Overvoltage Protection 

40 v Lead T emp. (Soldering, 1 0 seconds) 

230°C 

Reverse Voltage (1 00 ms) - 1 2 V 





Reverse Voltage (DC) 

— 6V 





Electrical Characteristics (Note 2 ) 





LM2930T-5.0 V|n = 14V, lo = 150 mA, Tj = 25°C (Note 5), C2=10 juF, unless otherwise specified 





Tested 

Design 


Parameter 

Conditions 

Typ 

Limit 

Limit 

Unit 




(Note 3) 

(Note 4) 


Output Voltage 


5 

5.3 






4.7 


V MIN 


6V<;V| N ^26V, 5 mA^l o ^150 mA 



5.5 

VMAX 


-40 o C^Tj^125°C 



4.5 

V MIN 

Line Regulation 

9V^V| N ^16V, l 0 = 5mA 

7 

25 


™V M ax 


6V<;V| N ^26V, l 0 = 5mA 

30 

80 


mV MAX 

Load Regulation 

5 mA^lo^150 mA 

14 

50 


"iVmax 

Output Impedance 

1 00 mApc & 1 0 m Arms. 1 00 Hz - 1 0 kHz 

200 



mfl 

Quiescent Current 

lo=10 mA 

4 

7 


mA M Ax 


lo=150 mA 

18 

40 


™Amax 

Output Noise Voltage 

10 Hz-100 kHz 

140 



^v rms 

Long Term Stability 


20 



mV/ 1000 hr 

Ripple Rejection 

f 0 = 1 20 Hz 

56 



dB 

Current Limit 


400 

700 


^Amax 




150 


mAMiN 

Dropout Voltage 

Iq= 150 mA 

0.32 

0.6 


Vmax 

Output Voltage Under 

- 1 2 V <; V| N <; 40 V, r l = i oon 


5.5 


Vmax 

Transient Conditions 



-0.3 


V MIN 

Electrical Characteristics (Note 2 ) 





LM2930T-8.0 (V|n = 14V, lo = 150 mA, Tj = 25°C (Note 5), C2 = 10 ju-F, unless otherwise specified) 





Tested 

Design 


Parameter 

Conditions 

Typ 

Limit 

Limit 

Unit 




(Note 3) 

(Note 4) 


Output Voltage 


8 

8.5 


Vmax 




7.5 


V MIN 


9.4V <;V| N <; 26V, 5 mA^l o ^150 mA, 



8.8 

Vmax 


-40°C^Tj£125°C 



7.2 

Vmin 

Line Regulation 

9.4V ^V| N ^ 16V, l 0 = 5mA 

12 

50 


mV MA x 


9.4V <;V| N <^ 26 V, l 0 = 5mA 

50 

100 


mV MA x 

Load Regulation 

5 mA^lo^150 mA 

25 

50 



Output Impedance 

1 00 m A dc & 1 0 rnA rms , 1 00 Hz - 1 0 kHz 

300 



ma | 

Quiescent Current 

lo= 10 mA 

4 

7 




lo= 150 mA 

18 

40- 



Output Noise Voltage 

10 Hz- 100 kHz 

170 



^1 

Long Term Stability 


30 



mV/1000 hr 

Ripple Rejection 

f 0 = 1 20 Hz 

52 



dB 

Current Limit 


400 

700 


™Amax 




150 


itiAmin 

Dropout Voltage 

lo= 150 mA 

0.32 

0.6 


Vmax 

Output Voltage Under 

-12V^V| N ^40V, R l =100H 


8.8 


Vmax 

Transient Conditions 



-0.3 


Vmin 
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Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W and for case to ambient temperature is 50°C/W. 

Note 2: All characteristics are measured with a capacitor across the input of 0.1 /iF and a capacitor across the output of 10 p-F. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw^ 10 ms, duty cycled 5%). Output voltage changes due to changes in internal tempera- 
ture must be taken into account separately. 

Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed (but not 100% production tested) over the operating temperature and input current ranges. These limits are not used to calculate outgoing 
quality levels. 

Note 5: To ensure constant junction temperature, low duty cycle pulse testing is used. 


Typical Application 


LM2930 



’Required if regulator is located far 
from power supply filter. 

**Cout must be at least 10 pF to 
maintain stability. May be increased without 
bound to maintain regulation during 
transients. Locate as close as possible 
to the regulator. This capacitor must be 
rated over the same operating temperature 
range as the regulator. The equivalent 
series resistance (ESR) of this capacitor 
should be less than in over the 
expected operating temperature range. 


Typical Performance Characteristics 


Output Impedance 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



20 25 30 35 40 

INPUT VOLTAGE (V) 


Reverse Supply Current 



-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 


Output at Reverse 




30 35 40 

INPUT VOLTAGE (V) 


Output Voltage (Normalized 



-40 20 0 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE ( W C) 

TL/H/5539-4 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 


Maximum Power 



0 10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE (°C) 


TL/H/5539-6 
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National 

Semiconductor 


LM2931 Series Low Dropout Regulators 


General Description 

The LM2931 positive voltage regulator features a very low 
quiescent current of 1 mA or less when supplying 10 mA 
loads. This unique characteristic and the extremely low in- 
put-output differential required for proper regulation (0.2V 
for output currents of 10 mA) make the LM2931 the ideal 
regulator for standby power systems. Applications include 
memory standby circuits, CMOS and other low power proc- 
essor power supplies as well as systems demanding as 
much as 1 00 mA of output current. 

Designed originally for automotive applications, the LM2931 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (60V) when the input voltage to the regula- 
tor can momentarily exceed the specified maximum operat- 
ing voltage, the regulator will automatically shut down to 
protect both internal circuits and the load. The LM2931 can- 
not be harmed by temporary mirror-image insertion. Familiar 
regulator features such as short circuit and thermal overload 
protection are also provided. 

Fixed output of 5V is available in the plastic TO-220 power 
package or the popular TO-92 package. An adjustable out- 
put version, with on/off switch, is available in a 5-lead TO- 
220 package. 


Features 

■ Very low quiescent current 

■ Output current in excess of 100 mA 

■ Input-output differential less than 0.6V 

■ Reverse battery protection 

■ 60V load dump protection 

■ - 50V reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 

■ Available in plastic TO-220 or TO-92 

■ Available as adjustable with TTL compatible switch 

■ 100% electrical burn-in in thermal limit 

Output Voltage Options 

LM2931T-5.0 5V LM2931AT-5.0 5V 

LM2931Z-5.0 5V LM2931AZ-5.0 5V 

LM293 1 CT Adjustable from 3V to 26V 


Schematic and Connection Diagrams 



TO-220 3-Lead 



Front View 

Order Number LM2931 
See NS Package T03B, Z03A, T05A 


TO-92 


TrUT r "- 1 


— — i INrlJ 

Bottom View 


TO-220 5-Lead 



Front View 


TL/H/5254-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Input Voltage 26 V 

Operating Range 
Overvoltage Protection 

LM2931A, LM2931 CT Adjustable 60V 

LM2931 50V 


Internal Power Dissipation (Note 1) 
Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 


Internally Limited 
— 40°C to +85°C 
125°C 

— 65°C to + 1 50°C 
230°C 


Electrical Characteristics 

V|n = 14V, Iq = 10 mA, Tj = 25°C (Note 1), C2 = 100 ju,F (unless otherwise specified) 


Conditions 



LM2931A-5.0 

LM2931-5.0 

Test Design 


Tested Design 

Limit Limit 

Typ 

Limit Limit 

(Note 2) (Note 3) 


(Note 2) (Note 3) 

5.19 


5.25 

4.81 


4.75 


Line Regulation 


Load Regulation 


Quiescent Current 


Output Noise Voltage 


Long Term Stability 


Ripple Rejection 


Dropout Voltage 


9V<:V|m^16V 

6V<;V| N <:26V 


5 mA^lo^lOO mA 


lo^lOmA, 6V^V| N ^26V 

-40°C^Tj^125°C 

l 0 = 1 00 mA, V| N = 1 4V, Tj = 25°C 

10 Hz- 100 kHz, Cqut = 100 jliF 


f o =120 Hz 


lo=10mA 
Iq= 100 mA 


Maximum Operational 
Input Voltage 


Maximum Line Transient 

R L = 500n,V 0 £ 5.5V, 100 ms 

Reverse Polarity Input 
Voltage, DC 

V 0 £- 0.3V, R L = soon 

Reverse Polarity Input 
Voltage, Transient 

1% Duty Cycle, r^100 ms, R|_ = 500fl 


14 

50 


14 

50 

200 


600 

200 


0.4 

1.0 

1.0 

0.4 

1.0 

15 


30 

15 




5 



500 


1000 

500 


20 


50 

20 


80 


55 

80 


0.05 

0.2 


0.05 

0.2 

0.3 

0.6 


0.3 

0.6 

33 

26 


33 

26 

70 

60 


70 

50 


mV MAX 

^Vmax 

mVMAX 

m^MAX 

itiAmax 

mA M iN 

itiAmax 

mA MlN 
M> v rmsMAX 
mV/ 1000 hr 
dB M |N 



Note 1: To ensure constant junction temperature, low duty cycle pulse testing is used. 

Note 2: Guaranteed and 100% production tested. 

Note 3: Guaranteed (but not 100% production tested) over the operating temperature and input current ranges. These limits are not used to calculate outgoing 
quality levels. 

Note 4: Thermal resistance junction-to-case (0j C ) is 3°C/W; case-to-ambient is 50°C/W. 
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Electrical Characteristics for Adjustable lm293ict 





V|n = 14V, Vqut = 3V, Iq = 10 mA, Tj=25°C (Note 1), R1 = 27k, C2 = 100 juF (unless otherwise specified) 


Parameter 

Conditions 

Typ 

Tested 

Limit 

Design 

Limit 

Units 

Limit 

Reference Voltage 


1.20 

1.26 


VmAX 




1.14 


Vmin 


Iq^IOO mA, -40°C^Tj=^125°C, R1=27k 



1.32 

Vmax 


Measured from Vout to Adjust Pin 



1.08 

Vmin 

Output Voltage Range 



24 


Vmax 




3 


Vmin 

Line Regulation 

VouT + 0 - 6 V^V| N ^ 26 V 

0.2 

1.5 


mV/V MAX 

Load Regulation 

5 mA^lo^lOO mA 

0.3 

1 


°/°MAX 

Output Impedance 

1 00 mApc and 1 0 mA rms , 1 00 Hz- 1 0 kHz 

40 



mft/V 

Quiescent Current 

Iq —10 mA 

0.4 

1 


™A M ax 


Iq= 100 mA 

15 



mA 


During Shutdown R[_=500n 

0.8 

1 


m A M AX 

Output Noise Voltage 

10 Hz- 100 kHz 

100 



f*V rms /V 

Long Term Stability 


0.4 



%/1000 hr 

Ripple Rejection 

f o =120 Hz 

0.02 



%/V 

Dropout Voltage 

Iq^IO mA 

0.05 

0.2 


Vmax 


Iq= 100 mA 

0.3 

0.6 


Vmax 

Maximum Operational Input 
Voltage 


33 

26 


Vmin 

Maximum Line Transient 

Iq = 1 0 mA, Reference Voltage ^ 1 .5V 

70 

60 


Vmin 

Reverse Polarity Input 
Voltage, DC 

V 0 ^ -0.3V, R l = soon 

-30 

-15 


Vmin 

Reverse Polarity Input 
Voltage, Transient 

1 % Duty Cycle, T^ 1 00 ms, Rl = 500H 

-80 

-50 


Vmin 

On/Off Threshold Voltage 

V 0 = 3V 





On 


2.0 

1.2 


Vmax 

Off 


2.2 

3.25 


Vmin 

On/Off Threshold Current 


20 

50 


Mmax 
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Typical Performance Characteristics 


Dropout Voltage 




rn 






r 

lo = 

50 mA 


LM2931-5.0 
’ R L = 500Q “ 


Dropout Voltage 


Low Voltage Behavior 


LM2931-5.04- 
l 0 = 100 mA 




3 

o 

Riiriiiiiii 

SB— 

Q- 0.1 ~ 

o L— 

20 0 50 100 



Junction Temperature (C) 

Output Current (mA) 


Input Voltage (V) 

Output at Voltage Extremes Line T ransient Response 


Load Transient Response 



-20 -10 0 10 20 30 40 50 60 

Input Voltage (V) 

0 15 30 45 

Time (us) 

-J 0 15 30 

Time (ps) 

Peak Output Current 

Quiescent Current 

Quiescent Current 









































o 


>o mA 



mm 


imm 

rl 

M 

ri 

M 

-1 



!9E EBB 


Input Vbltage (V) 

Output Current (mA) 

Junction Temperature (°C) 

Quiescent Current 

Ripple Rejection 

Ripple Rejection 


I— 

lm.ll 

imcQBi 


20 -10 0 10 20 30 40 50 60 
Input Voltage (V) 


C2 = 100 nF ALUM 





J _ LM2931-5.0 | , 

lo = 10 mA j 

5 » ‘ 1 1 

1 10 100 Ik 10k 100k 1M 

Frequency (Hz) 


0 25 50 75 100 

Output Current (mA) 
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Typical Performance Characteristics (Continued) 


Output Impedance 



Operation During Load 
Dump 



-100 0 100 200 300 400 500 

TIME (ms) 


Reference Voltage 



0 3 6 9 12 15 18 21 24 


OUTPUT VOLTAGE (V) 


On/Off Threshold 



0 3 6 9 12 15 18 21 24 

OUTPUT VOLTAGE (V) 


Typical Applications 


Maximum Power Dissipation 
(TO-220) 



0 10 20 30 40 50 60 70 80 90 100 


Maximum Power Dissipation 
(TO-92) 



0 10 20 30 40 50 60 70 80 90 


AMBIENT TEMPERATURE (°C) 


AMBIENT TEMPERATURE (°C) 


Output Capacitor ESR 





CouT = 1(X> M F 




Vq = 5\ 







\ 





\\\\ 

TTTT 

STABLE 

REGION 


S] 

V 

1 1 1 1 

n 


0 20 40 60 80 100 

OUTPUT CURRENT (mA) 


TL/H/5254-3 


V|N 

UNREGULATED 

INPUT 


O— J-l LM2931 e-O 
»1* "» GND | | C2 

"T |'° T 


v 0UT 

REGULATED 

OUTPUT 

C2** 

100 nf 


TL/H/5254-4 


w „ , R1+R2 

v out = Reference Voltage x — — — 

Note: Using 28k for R1 will automatically com- 
pensate for errors in Vout due to the input bias 
current of the ADJ pin (approximately 1 jxA). 


LM2931 Adjustable 



‘Required if regulator is located far from power 
supply filter. 

“Cout must be at least 100 fx F to maintain sta- 
bility. May be increased without bound to main- 
tain regulation during transients. Locate as 
close as possible to the regulator. This capaci- 
tor must be rated over the same operating tem- 
perature range as the regulator. The equivalent 
series resistance (ESR) of this capacitor is crit- 
ical; see curve. 
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Application Hints 

One of the distinguishing factors of the LM2931 series regu- 
lators is the requirement of an output capacitor for device 
stability. The value required varies greatly depending upon 
the application circuit and other factors. Thus some com- 
ments on the characteristics of both capacitors and the reg- 
ulator are in order. 

High frequency characteristics of electrolytic capacitors de- 
pend greatly on the type and even the manufacturer. As a 
result, a value of capacitance that works well with the 
LM2931 for one brand or type may not necessary be suffi- 
cient with an electrolytic of different origin. Sometimes actu- 
al bench testing, as described later, will be the only means 
to determine the proper capacitor and value. Experience 
has shown that, as a rule of thumb, the more expensive and 
higher quality electrolytics generally allow a smaller value 
for regulator stability. As an example, while a high-quality 
100 juiF aluminum electrolytic covers all general application 
circuits, similar stability can be obtained with a tantalum 
electrolytic of only 47 /xF. This factor of two can generally 
be applied to any special application circuit also. 

Another critical characteristic of electrolytics is their per- 
formance over temperature. While the LM2931 is designed 
to operate to -40°C, the same is not always true with all 
electrolytics (hot is generally not a problem). The electrolyte 
in many aluminum types will freeze around — 30°C, reducing 
their effective value to zero. Since the capacitance is need- 
ed for regulator stability, the natural result is oscillation (and 
lots of it) at the regulator output. For all application circuits 
where cold operation is necessary, the output capacitor 
must be rated to operate at the minimum temperature. By 
coincidence, worst-case stability for the LM2931 also oc- 
curs at minimum temperatures. As a result, in applications 
where the regulator junction temperature will never be less 
than 25°C, the output capacitor can be reduced approxi- 
mately by a factor of two over the value needed for the 
entire temperature range. To continue our example with the 
tantalum electrolytic, a value of only 22 juF would probably 
thus suffice. For high-quality aluminum, 47 jaF would be ad- 
equate in such an application. 

Another regulator characteristic that is noteworthy is that 
stability decreases with higher output currents. This sensible 
fact has important connotations. In many applications, the 
LM2931 is operated at only a few milliamps of output cur- 
rent or less. In such a circuit, the output capacitor can be 
further reduced in value. As a rough estimation, a circuit that 
is required to deliver a maximum of 1 0 mA of output current 
from the regulator would need an output capacitor of only 
half the value compared to the same regulator required to 
deliver the full output current of 100 mA. If the example of 
the tantalum capacitor in the circuit rated at 25°C junction 
temperature and above were continued to include a maxi- 
mum of 10 mA of output current, then the 22 juF output 
capacitor could be reduced to only 1 0 juF. 

In the case of the LM2931CT adjustable regulator, the mini- 
mum value of output capacitance is a function of the output 
voltage. As a general rule, the value decreases with higher 
output voltages, since internal loop gain is reduced. 


At this point, the procedure for bench testing the minimum 
value of an output capacitor in a special application circuit 
should be clear. Since worst-case occurs at minimum oper- 
ating temperatures and maximum operating currents, the 
entire circuit, including the electrolytic, should be cooled to 
the minimum temperature. The input voltage to the regulator 
should be maintained at 0.6V above the output to keep in- 
ternal power dissipation and die heating to a minimum. 
Worst-case occurs just after input power is applied and be- 
fore the die has had a chance to heat up. Once the mini- 
mum value of capacitance has been found for the brand 
and type of electrolytic in question, the value should be dou- 
bled for actual use to account for production variations both 
in the capacitor and the regulator. (All the values in this 
section and the remainder of the data sheet were deter- 
mined In this fashion.) 

Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 
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National 

Semiconductor 


LM2935 Low Dropout Dual Regulator 


General Description 

The LM2935 dual 5V regulator provides a 750 mA output as 
well as a 1 0 mA standby output. It features a low quiescent 
current of 3 mA or less when supplying 1 0 mA loads from 
the 5V standby regulator output. This unique characteristic 
and the extremely low input-output differential required for 
proper regulation (0.55V for output currents of 1 0 mA) make 
the LM2935 the ideal regulator for power systems that in- 
clude standby memory. Applications include microprocessor 
power supplies demanding as much as 750 mA of output 
current. 

Designed for automotive applications, the LM2935 and all 
regulated circuitry are protected from reverse battery instal- 
lations or 2 battery jumps. During line transients, such as a 
load dump (60V) when the input voltage to the regulator can 
momentarily exceed the specified maximum operating volt- 
age, the 0.75A regulator will automatically shut down to pro- 
tect both internal circuits and the load while the standby 
regulator will continue to power any standby load. The 
LM2935 cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also provided. 


Features 

■ Two 5V regulated outputs 

■ Output current in excess of 750 m A 

■ Low quiescent current standby regulator 

■ Input-output differential less than 0.6V at 0.5A 

■ Reverse battery protection 

■ 60V load dump protection 

■ -50V reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ Available in 5-lead TO-220 

■ ON /OFF switch controls high current output 

■ Reset error flag 

■ 100% electrical burn-in in thermal limit 


Typical Application Circuit 


VlN 



•Required if regulator is located far from power 
supply filter. 

**Cout must be at least 10 ju,F to maintain stability. 
May be increased without bound to maintain reg- 
ulation during transients. Locate as close as pos- 
sible to the regulator. This capacitor must be rat- 
ed over the same operating temperature range 
as the regulator. The equivalent series resistance 
(ESR) of this capacitor is critical; see curve. 


Connection Diagram 


TO-220 5-Lead 


3 5 STANDBY OUTPUT 
^ 4 SWITCH/RESET 
} 3 GROUND 

3 2 OUTPUT VOLTAGE (Vout) 
3 1 INPUT VOLTAGE {Vin) 


o 


Front View 


TL/H/5232-8 


Order Number LM2935T 
See NS Package Number T05A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Internal Power Dissipation (Note 1) 

please contact the National Semiconductor Sales Operating Temperature Range 

Office/Distributors for availability and specifications. Maximum Junotion Temperature 

Input Voltage Storage Temperature Range - 

Operating Range 26V Lead Temp (So|derjng) 1Q seconds) 

Overvoltage Protection 60V 

Electrical Characteristics for Vqut 

V|n = 14V, Iq = 500 mA, Tj = 25°C (Note 4), C2 = 10 jllF (unless otherwise specified) 

Internally Limited 
40°C to + 125°C 

150°C 

65°C to + 150°C 

230°C 




Tested 


Parameter 

Conditions 

Typ 

Limit 

Units 

Limit 




(Note 3) 


Output Voltage 

6V^V| N ^26V, 5 mA^l o ^500 mA, 

5 go 

5.25 

VMAX 


-40°C^Tj<;i25 o C (Note 2) 


4.75 

V MIN 

Line Regulation 

9V<;V| N <;i6V, l 0 = 5mA 

4 

25 

itiVmax 


6V<;V| N ^26V, l 0 = 5 mA 

10 

50 

mVMAX 

Load Regulation 

5 mA^lo^500 mA 

10 

50 

mVMAX 

Output Impedance 

500 itiAdc and 1 0 rnA rms , 1 00 Hz- 1 0 kHz 

200 


mil 

Quiescent Current 

Iq^IO mA, No Load on Standby 

3 


mA 


Iq = 500 mA, No Load on Standby 

40 

100 

"iAmax 


Iq — 750 mA, No Load on Standby 

90 


mA 

Output Noise Voltage 

10 Hz-100 kHz 

100 


M'Vrms 

Long Term Stability 


20 


mV/ 1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

66 


dB 

Dropout Voltage 

Iq = 500 mA 

0.45 

0.6 

Vmax 


lo = 750 mA 

0.82 



Current Limit 


1.2 

0.75 

Amin 

Maximum Operational 





Input Voltage 


31 

26 

Vmin 

Maximum Line Transient 

V 0 <; 5.5 V 

70 

60 

V 

Reverse Polarity Input 


-30 

-15 

V 

Voltage, DC 





Reverse Polarity Input 

1 % Duty Cycle, 1 00 ms, 

-80 

-50 

V 

Voltage, Transient 

lOfl Load 




Reset Output Voltage 





Low 

R1 = 20k, V| N = 4.0V 

0.9 

1.2 

Vmax 

High 

R1 =20k, V, N = 14V 

5.0 

6.0 

Vmax 




4.5 

Vmin 

Reset Output Current 

Reset = 1.2V 

5 


mA 

ON/OFF Resistor 

R1 (± 10% Tolerance) 


20 

k^MAX 

Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W(TO-220). Thermal resistance for TO-220 case to ambient temperature is 

50° C/W. 





Note 2: The temperature extremes are guaranteed but not 100% production tested. This parameter is not used to calculate outgoing AQL. \ 

Note 3: Tested Limits are guaranteed and 100% tested in production. 




Note 4: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Electrical Characteristics for Standby Output 

Iq = 10 mA, V|n = 14V, SI open, Cout = 1 ° J^F, Tj = 25°C (Note 4), (unless otherwise specified) 




Line Regulation 


Load Regulation 


Output Impedance 


Quiescent Current 


Output Noise Voltage 


Long Term Stability 


Ripple Rejection 


Dropout Voltage 


Current Limit 


Maximum Operational 
Input Voltage 


Reverse Polarity Input 
Voltage, DC 


Reverse Polarity Input 
Voltage, Transient 


6V<;V|n^26V 


1 mA^lo^lO mA 


10 mApc and 1 rnA rms , 


Iq^IO mA, 

Vqut OFF (Note 2) 


10 Hz-100 kHz 


f o = 1 20 Hz 


lo^io mA 


V 0 £6V 


V 0 £ -0.3V, 51 OH Load 


1 % Duty Cycle T ^ 1 00 ms 
500H Load 


100 Hz- 10 kHz 


50 

mV M AX 


a 

3 

"iAmax 


























STANDBY 

STANDBY LOAD OUTPUT VOLTAGE INPUT VOLTAGE OUTPUT VOLTAGE 

CURRENT (mA) | DEVIATION (mV) CHANGE (V) DEVIATION (mV) OUTPUT VOLTAGE (V) INPUT-OUTPUT DIFFERENTIAL VOLTAGE (V) 


Typical Performance Characteristics 


Dropout Voltage (Vqut) 



JUNCTION TEMPERATURE (°C) 


Dropout Voltage (Vout) 



OUTPUT CURRENT (mA) 


Dropout Voltage (Vstby) 



OUTPUT CURRENT (mA) 


Low Voltage Behavior 



0 1 2 3 4 5 6 7 8 

INPUT VOLTAGE (V) 


Output Voltage (Vqut) 



-40 -20 0 20 40 60 

INPUT VOLTAGE (V) 


Output Voltage (V S tby) 



-40 -20 0 20 40 60 


INPUT VOLTAGE (V) 


Line Transient Response 

(Vqut) 



0 10 20 30 40 50 60 

TIME OtS) 


Line Transient Response 

(Vstby) 


Load Transient Response 

(Vqut) 


C3 > 


> o 

fc fe 

| s 

=3 a 


LU 




0 10 20 30 40 50 60 

TIME 0*S) 


150 

ca ST 100 
b — 50 
> o 0 
||-50 
gS-100 
-150 

e 08 

OH 0.6 

g 2 0.4 
“‘g 0.2 


10 20 30 40 50 60 

TIME (ftS) 



Load Transient Response 

(Vstby) 



TIME OtS) 


Peak Output Current (Vqut) 



0 5 10 15 20 25 30 

INPUT VOLTAGE (V) 


Peak Output Current (Vstby) 


1 

2 

oe 


100 
80 

60 

40 
20 
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INPUT VOLTAGE (V) 
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3 Typical Performance Characteristics (continued) 


Quiescent Current (Vqut) 


EjgEfiggK 


Quiescent Current (Vstby) 


Quiescent Current (Vqut) 


0 100 200 300 400 500 600 700 800 
Vout-OUTPUT CURRENT (mA) 



5 10 15 20 25 

STANDBY OUTPUT CURRENT (mA) 


■■gBgggpici 


■■gssssim 
■ilsisS! 


0 40 80 120 160 

JUNCTION TEMPERATURE (°C) 


Quiescent Current (Vstby) 


SI OPEN 




■ vout off 

1 





i 

— Istby =10 

mA — 


r 55 

1— H 



0 40 80 120 160 

JUNCTION TEMPERATURE (°C) 


Quiescent Current 


SBRB9BBEQ3I 


— 20 —10 0 10 20 30 40 50 
INPUT VOLTAGE (V) 


Quiescent Current (Vstby) 


-20 -10 0 10 20 30 41 
INPUT VOLTAGE (V) 


Istby = 0 mA 

I 1 I ~ 

20 30 40 50 60 


Ripple Rejection 



Vstby 

III Istby =10 mA 


1 


■ftt-IO* 

m 

1 


•VOUT 

Iout - 500 mA 
C2=10 n? 


Ripple Rejection (Vout) 

I lo = 120 Hz I I I n 


Ripple Rejection (Vstby) 

“ I fo =120 Hz | I I I 


100 Ik 10k 

FREQUENCY (Hz) 


0 150 300 450 600 750 

OUTPUT CURRENT (mA) 


5 10 15 20 25 

OUTPUT CURRENT (mA) 


Output Impedance 


ISaaiiiiiHHiiiiiia 

RiiiiiiiiiKzaiiin 



100 Ik 

FREQUENCY (Hz) 


Reset on Startup 
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INPUT VOLTAGE (V) 


Maximum Power 
Dissipation (TO-220) 


INFINITE HEAT SINK 
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Typical Performance 
Characteristics (Continued) 


Output Capacitor ESR 
(Standby Output, Pin 5) 



0 2 4 6 8 10 


OUTPUT CURRENT (mA) 


TL/H/5232-9 


Output Capacitor ESR 
(Main Output, Pin 2) 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: The part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 

Application Hints 

EXTERNAL CAPACITORS 

The LM2935 output capacitors are required for stability. 
Without them, the regulator outputs will oscillate, sometimes 
by many volts. Though the 10|iiF shown are the minimum 
recommended values, actual size and type may vary de- 
pending upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also factors in 
the 1C stability. Since ESR varies from one brand to the 
next, some bench work may be required to determine the 
minimum capacitor value to use in production. Worst-case is 
usually determined at the minimum ambient temperature 
and maximum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltage during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than -30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to -40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 

No capacitor must be attached to the ON/OFF and ERROR 
FLAG pin. Due to the internal circuits of the 1C, oscillation on 
this pin could result. 

STANDBY OUTPUT 

The LM2935 differs from most fixed voltage regulators in 
that it is equipped with two regulator outputs instead of one. 
The additional output is intended for use in systems requir- 
ing standby memory circuits. While the high current regula- 
tor output can be controlled with the ON/OFF pin described 
below, the standby output remains on under all conditions 
as long as sufficient input voltage is applied to the 1C. Thus, 
memory and other circuits powered by this output remain 
unaffected by positive line transients, thermal shutdown, 
etc. 

The standby regulator circuit is designed so that the quies- 
cent current to the 1C is very low (<3 mA) when the other 
regulator output is off. 
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Application Hints (Continued) 

In applications where the standby output is not needed, it 
may be disabled by connecting a resistor from the standby 
output to the supply voltage. This eliminates the need for a 
more expensive capacitor on the output to prevent unwant- 
ed oscillations. The value of the resistor depends upon the 
minimum input voltage expected for a given system. Since 
the standby output is shunted with an internal 5.7V zener 
[Figure 3 ), the current through the external resistor should 
be sufficient to bias R2 and R3 up to this point. Approxi- 
mately 60 juA will suffice, resulting in a 1 0k external resistor 
for most applications [Figure 4). 



TL/H/5232-6 

FIGURE 4. Disabling Standby Output to Eliminate C3 
HIGH CURRENT OUTPUT 

Unlike the standby regulated output, which must remain on 
whenever possible, the high current regulated output is fault 
protected against overvoltage and also incorporates ther- 
mal shutdown. If the input voltage rises above approximate- 
ly 30V (e.g., load dump), this output will automatically shut- 
down. This protects the internal circuitry and enables the 1C 
to survive higher voltage transients than would otherwise be 
expected. Thermal shutdown is effective against die over- 
heating since the high current output is the dominant source 
of power dissipation in the 1C. 

V|N I 


ON/OFF AND ERROR FLAG PIN 

This pin has the ability to serve a dual purpose if 
desired. When controlled in the manner shown in Figure 1 
(common in automotive systems where SI is the ignition 
switch), the pin also serves as an output flag that is active 
low whenever a fault condition is detected with the high 
current regulated output. In other words, under normal 
operating conditions, the output voltage of this pin is high 
(5V). This is set by an internal clamp. If the high current 
output becomes unregulated for any reason (line transients, 
short circuit, thermal shutdown, low input voltage, etc.) the 
pin switches to the active low state, and is capable of sink- 
ing several milliamps. This output signal can be used to initi- 
ate any reset or start-up procedure that may be required of 
the system. 

The ON /OFF pin can also be driven directly from open col- 
lector logic circuits. The only requirement is that the 20k 
pull-up resistor remain in place (Figure 5). This will not affect 
the logic gate since the voltage on this pin is limited by the 
internal clamp in the LM2935 to 5V. 



(with approximately 300 ms delay) 


— 1 >°" 


► 20k 


SWITCH/ 
DM7405 RESET 


LM2935 


TL/H/5232-7 

FIGURE 5. Controlling ON/OFF Terminal with 
a Typical Open Collector Logic Gate 
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SWITCH/RESET 



SS6ZIN1 


Circuit Schematic 



LM2936 



National 

Semiconductor 


LM2936 Ultra-Low Quiescent Current 5V Regulator 


General Description 

The LM2936 ultra-low quiescent current regulator features 
low dropout voltage and low current in the standby mode. 
With less than 15 jaA quiescent current at a 100 juA load, 
the LM2936 is ideally suited for automotive and other bat- 
tery operated systems. The LM2936 retains all of the fea- 
tures that are common to low dropout regulators including a 
low dropout PNP pass device, short circuit protection, re- 
verse battery protection, and thermal shutdown. The 
LM2936 has a 40V operating voltage limit, -40°C to 
+ 125°C operating temperature range, and ±2% output 
voltage tolerance over the entire output current, input volt- 
age, and temperature range. The LM2936 is available in a 
TO-92 package with a fixed 5V output. 


Features 

■ Ultra low quiescent current (Iq ^ 15 ju,A for 
Iq ^ 100 fj, A) 

■ Fixed 5V, 50 mA output 

■ Output tolerance ±2% over line, load, and temperature 

■ Dropout voltage typically 200 mV @ Iq = 50 mA 

■ Reverse battery protection 

■ -50V reverse transient protection 

■ Internal short circuit current limit 

■ Internal thermal shutdown protection 

■ 40V operating voltage limit 


Typical Application 


Input - 


100nF*: 


v,.. 

LM2936 

w 

V IN 

v 0 


Ground 



5 


-Output 


ZfllO/iF** 
C out 


* Required if regulator is located more than 2" from power supply filter 
capacitor. 

** Required for stability. Must be rated for 10 juF minimum over intended 
operating temperature range. Effective series resistance (ESR) is critical, 
see curve. Locate capacitor as close as possible to the regulator output and 
ground pins. Capacitance may be increased without bound. 


TL/H/9759-1 

Connection Diagram 

TO-92 Plastic Package (Z) 



Bottom View 

Order Number LM2936Z 
See NS Package Number Z03A 
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Absolute Maximum Ratings (Note u 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage (Survival) + 60V, - 50V 

ESD Susceptability (Note 2) 2000V 

Power Dissipation (Note 3) Internally limited 

Junction Temperature (Tj ma x) 1 50°C 


Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Operating Ratings 

Operating T emperature Range - 40°C to + 1 25°C 

Maximum Input Voltage (Operational) 40V 


Electrical Characteristics 

V|n = 14V, Iq = 10 mA, Tj = 25°C, unless otherwise specified. Boldface limits apply over entire operating temperature range 



Line Regulation 
Load Regulation 

Output Impedance 
Quiescent Current 

Output Noise Voltage 
Long Term Stability 




Output Leakage with 
Reverse Polarity Input 

V| N = -15V, R L = 500ifl 

-0.1 

-600 



Maximum Line Transient 

R L = 500ft, V 0 ^ 5.5V, T = 40 ms 


60 


Vmin 

Short Circuit 

> 

o 

II 

o 

> 

120 

250 


m Amax 

Current 



65 


m A m j n 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: Human body model, 100 pF discharge through a 1.5 kft resistor. 

Note 3: The maximum power dissipation is a function of Tj ma x. ©ja. and t a- The maximum allowable power dissipation at any ambient temperature is 
p D = (Tjmax “ Ta)/0ja- If this dissipation is exceeded, the die temperature will rise above 150°C and the LM2936 will go into thermal shutdown. For the 
LM2936Z, the junction-to-ambient thermal resistance (0j A ) is 195°C/W. 

Note 4: Typicals are at 25°C (unless otherwise specified) and represent the most likely parametric norm. 

Note 5: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level) and 100% tested. 

Note 6: Design limits are guaranteed to National’s AOQL (Average Outgoing Quality Level) but not 100% tested. 

Note 7: To ensure constant junction temperature, pulse testing is used. 
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QUIESCENT CURRENT (mA) QUIESCENT CURRENT (jiA) POWER DISSIPATION (W) 


3 Typical Performance Characteristics 

Maximum Power 
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Typical Performance Characteristics (Continued) 



INPUT VOLTAGE (V) 


JUNCTION TEMPERATURE (°C) 


OUTPUT CURRENT (mA) 


Line Transient Response 



Output at 
Voltage Extremes 

^ i d. rsftnTn i i r 


R L = 500fl 
Tj = 25°C 
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Ripple Rejection 



1 10 100 Ik 10k 100k 1M 


TIME (ms) 


INPUT VOLTAGE (V) 


FREQUENCY (Hz) 


Load Transient Response 



0 10 20 30 40 50 60 


Low Voltage Behavior 

5j0 
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10 

10 20 30 40 50 60 



TIMEQjs) 


INPUT VOLTAGE (V) 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

TL/H/9759-4 


Applications Information 

Unlike other PNP low dropout regulators, the LM2936 re- 
mains fully operational to 40V. Owing to power dissipation 
characteristics of the TO-92 package, full output current 
cannot be guaranteed for all combinations of ambient tem- 
perature and input voltage. As an example, consider an 
LM2936 operating at 25°C ambient. Using the formula for 
maximum allowable power dissipation given in Note 3, we 
find that Ppmax = 641 mW at 25°C. Including the small 
contribution of the quiescent current to total power dissipa- 
tion the maximum input voltage (while still delivering 50 mA 
output current) is 17.3V. The device will go into thermal 
shutdown if it attempts to deliver full output current with an 
input voltage of more than 17.3V. Similarly, at 40V input and 
25°C ambient the LM2936 can deliver 18 mA maximum. 


Under conditions of higher ambient temperatures, the volt- 
age and current calculated in the previous examples will 
drop. For instance, at the maximum ambient of 125°C the 
LM2936 can only dissipate 128 mW, limiting the input volt- 
age to 7.34V for a 50 mA load, or 3.5 mA output current for 
a 40V input. 

While the LM2936 maintains regulation to 60V, it will not 
withstand a short circuit above 40V because of safe operat- 
ing area limitations in the internal PNP pass device. Above 
60V the LM2936 will break down with catastrophic effects 
on the regulator and possibly the load as well. Do not use 
this device in a design where the input operating voltage 
may exceed 40V, or where transients are likely to exceed 
60V. 
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TL/H/9759-5 


Equivalent Schematic Diagram 










National 

Semiconductor 


LM2940 1A Low Dropout Regulator 


General Description 

The LM2940 positive voltage regulator features the ability to 
source 1A of output current with a dropout voltage of typi- 
cally 0.5V and a maximum of IV over the entire temperature 
range. Futhermore, a quiescent current reduction circuit has 
been included which reduces the ground current when the 
differential between the input voltage and the output voltage 
exceeds approximately 3V. The quiescent current with 1 A of 
output current and an input-output differential of 5V is there- 
fore only 30 mA. Higher quiescent currents only exist when 
the regulator is in the dropout mode (Vj n - V out £ 3V). 
Designed also for vehicular applications, the LM2940 and 
all regulated circuitry are protected from reverse battery in- 
stallations or 2 battery jumps. During line transients, such as 
load dump (60V) when the input voltage can momentarily 
exceed the specified maximum operating voltage, the regu- 
lator will automatically shut down to protect both the internal 
circuits and the load. The LM2940 cannot be harmed by 
temporary mirror-image insertion. Familiar regulator features 
such as short circuit and thermal overload protection are 
also provided. 


Features 

■ Dropout voltage typically 0.5V @l 0 = 1A 

■ Output current in excess of 1A 

■ Output voltage trimmed before assembly 

■ Reverse battery protection 

■ Internal short circuit current limit 

■ Mirror image insertion protection 

■ 100% electrical burn-in in thermal limit 

Output Voltages 

LM2940T-5.0 5V 

LM2940T-8.0 8V 

LM2940T-10 10V 

For output voltages of 5V, 12V, and 15V, refer to the 
LM2940C datasheet. 


Equivalent Schematic Diagram 




TL/H/8822-1 


Order Number LM2940T-5.0, LM2940T-8.0, LM2940T-10 
See NS Package Number T03B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

Survival Voltage (^100 ms) 60V 

Operational Voltage 26V 

Internal Power Dissipation (Note 1 ) Internally Limited 


Operating T emperature Range (T A ) - 40°C to + 1 25°C 

Maximum Junction Temperature 150°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature 

(Soldering, 1 0 seconds) 230°C 

ESD susceptibility rating is to be determined 


Electrical Characteristics Vjo Vq "f 5V, Iq 1 A, Cq^ 22 |iF , Tj 25 C unless otherwise specified. 


Output Voltage (V 0 ) 

5V 

8V 

10V 

Units 

Parameter 

Conditions 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 



6.25V ^ V| N <; 26V 

9.4V £ V, N <: 26V 

11.5V ^ V| N <; 26V 


Output Voltage 

5 mA ^ l 0 ^ 1A 



9 

8.00 

7.76 

8.24 

7.60 

8.40 

10.00 

9.70 

10.30 

9.50 

10.50 

V MIN 

V MAX 

Line Regulation 



50 

■ 




20 

100 



Load Regulation 

50 mA ^ l 0 ^ 1A 

Ed 

50 

80 

E9 



65 

100 

165 

mV MAX 

Output Impedance 






■ 


65 



mft 

Quiescent 

Current 

V 0 +2V ^ V in < 26V, l 0 = 5 mA 

KQ 

mm 



15 

mm 


15 

20 

mAmax 

V in = V 0 + 5V, l 0 = 1A 


mm 




mm 


45 

60 

mA MA x 

Output Noise 
Voltage 

10 Hz - 100 kHz 

Iq = 5 mA 


m 

■ 






■ 

P'Vrms 

Ripple Rejection 

[■mmmmnssmHI 








D 

D 

dB M iN 

Long Term 

Stability 


20 



32 


m 


■ 

■ 

mV/ 
1000 Hr 

Dropout Voltage 

l 0 = 1A 

0.5 

0.8 

1.0 

0.5 

0.8 

1.0 

0.5 

0.8 

1.0 

Vmax 

l 0 = 100 mA 

110 

150 

200 

110 

150 

200 

110 

150 

200 

™ V MAX 

Short Circuit 
Current 


1.9 

1.6 


1.9 

1.6 


1.9 

1.6 


Amin 

Maximum Line 
Transient 

R 0 = 100 ft 

T ^ 100 ms 

V 0 ^ 6V 

V 0 < 9V 

V 0 < 11V 

Vmin 

75 

60 

60 

75 

60 

60 

75 

60 

60 

Maximum 
Operational Input 
Voltage 


31 

26 

26 

31 

26 

26 

31 

26 

26 

Vdc 

Reverse Polarity 
Input Voltage DC 

R 0 = 100ft 

-30 

-15 

-15 

-30 

-15 

-15 

-30 

-15 

-15 

V MIN 

Reverse Polarity 
Input Voltage 
Transient 





-75 

-50 



j^^jj 

my 

mm 


Note 1: Thermal resistance without a heatsink for junction-to-case temperature is 3°C/W. Thermal resistance case-to-ambient is 50°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the operating temperature and supply voltage range. These limits are not used to 
calculate outgoing quality levels. 


1-240 























1-241 


LM2940 



LM2940 


Typical Performance Characteristics (Continued) 
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Typical Application 
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TL/H/8822-6 


Connection Diagram 



V0UT 

REGULATED 

OUTPUT 

Com" 

22 /uF 


TL/H/8822-3 


♦Required if regulator is located far from power supply filter. 

"Gout must be at ,east 22 ^ t0 maintain stability. May be increased with- 
out bound to maintain regulation during transients. Locate as close as pos- 
sible to the regulator. This capacitor must be rated over the same operating 
temperature range as the regulator and the ESR is critical; see curve. 


(TO-220) Plastic Package 


OUTPUT 

GND 

INPUT 


TL/H/8822-2 

Front View 

Order Number LM2940T-5.0, LM2940T-8.0, LM2940T-10 
See NS Package Number T03B 


GND 

O 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at (Vo + 
5V) input, dropout voltage is dependent upon load current 
and junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentange change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 


1 
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National 

Semiconductor 


LM2940C 1A Low Dropout Regulator 


General Description 

The LM2940C positive voltage regulator features the ability 
to source 1 A of output current with an input-output differen- 
tial of typically 0.5V and a maximum of IV over the entire 
temperature range. Familiar regulator features such as inter- 
nal current limit and thermal overload protection are also 
provided. Furthermore, a quiescent current reduction circuit 
has been added which reduces the ground current when the 
differential between the input voltage and the output voltage 
exceeds approximately 3V. The quiescent current with 1 A of 
output current and an input-output differential of 5V is there- 
fore only 30 mA. Higher quiescent currents only exist when 
the regulator is in the dropout mode (V|n - Vout ^ 3V). 
The low dropout voltage coupled with the high output cur- 
rent capability make the LM2940C useful in applications 
where the input voltage is maintained at a level within one or 
two volts of the output voltage to reduce power dissipation 
and increase overall system efficiency. 

The LM2940C is particularly suited for applications where 
battery life and reverse installation of batteries is a concern. 


For automotive temperature range (— 40°C to +125°C) ap- 
plications, refer to the LM2940 datasheet. 

Features 

■ Dropout voltage typically 0.5V @ Iq = 1A 

■ Output current in excess of 1A 

b Output voltage trimmed before assembly 
B Reverse battery protection 
a Internal short circuit current limit 
b Mirror image insertion protection 
b 100% electrical burn-in in thermal limit 

Output Voltages 

LM2940CT-5.0 5V 

LM2940CT-12 12V 

LM2940CT-15 15V 

For output voltages of 5V, 8V, and 10V, refer to the LM2940 
datasheet. 


Equivalent Schematic 



TL/H/6158-1 

Order Number LM2940CT-5.0, 
LM2940CT-12, and LM2940CT-15 
See NS Package T03B 

TL/H/6158-4 


TO-220 3-Lead Plastic Package 


o 


Front View 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

Survival Voltage (^1 ms) 45V 

Operational Voltage 26V 

Internal Power Dissipation (Note 1) Internally limited 


Operating Temp. Range 0a) 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 

ESD Susceptability (Note 5) 


0°C to + 1 25°C 
150°C 

— 65°C to + 1 50°C 

260°C 

2000V 


Electrical Characteristics V|N = Vq + 5V, Iq = 1 A, Cqut = 22 juF, Tj = 25°C, unless otherwise specified. 


Output Voltage (Vq) 

5V 

12V 

15V | 

Units 

Parameter 

Conditions 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Output Voltage 

5 mA ^ Iq ^ 1A 

5.00 

4.85 

5.15 

4.75 

5.25 

12.00 

11.64 

12.36 

11.40 

12.60 

15.00 

14.55 

15.45 

14.25 

15.75 

V MIN 

VmAX 

6.25V <: V| N <; 26V 

13.6V <; V| N £ 26V 

16.75V <; V| N <; 26V 

Line Regulation 

V 0 + 2V <; V| N <; 26V, 
lo = 5 mA 

20 

50 


20 

120 


20 

150 


itiVmaX 

Load Regulation 

50 mA ^ lo ^ 1A 

35 

50 


55 

120 


70 

150 


mV MAX 

Output Impedance 

100 mADC and 20 mArms 
f 0 = 120 Hz 

35 



80 



100 



mft 

Quiescent 

Current 

V 0 + 2V <: V| N £ 26V, 
lo = 5 mA 

10 

15 


10 

15 


10 

15 


mAMAX 

Vin = Vq + 5V, lo = 1A 

30 

45 

60 

30 

45 

60 

30 

45 

60 

mAMAX 

Output Noise 
Voltage 

10 Hz- 100 kHz 
lo = 5 mA 

150 



360 



450 



jaVrms 

Ripple Rejection 

fo = 120 Hz, 1 Vrms, 
lo = 100 mA 

72 

60 


66 

54 


64 

52 


dBmin 

Long Term 

Stability 


20 



48 



60 



mV/1000 Hr 

Dropout Voltage 

l 0 = 1A 

0.5 

0.8 

1.0 

0.5 

0.8 

1.0 

0.5 

0.8 

1.0 

Vmax 

lo = 100 mA 








150 

200 

™Vmax 

Short Circuit 
Current 

V|N MAX = 26V 
(Note 4) 


1.6 


1.9 

1.6 


1.9 

1.6 


Amin 

Maximum Line 
Transient 

Rl = 100H, T £ 1 ms 




55 

45 


55 

45 


Vmin 

V 0 < 6V 

V 0 < 13V 

i V 0 < 16V 

Reverse Polarity 
DC Input Voltage 

r l = ioon,v 0 ;> - 0 . 6 V 

-30 

-15 


-30 

-15 


-30 

-15 


Vmin 

Reverse Polarity, 
Transient 

Input Voltage 

T £ 1 ms, Rl = iooa 

-55 

-45 

-45 

-55 

-45 

-45 

-55 

-45 

-45 

Vmin 


Note 1: Thermal resistance without a heat sink for junction-to-case temperature is 3°C/W. Thermal resistance case-to-ambient is 50°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the operating temperature and supply voltage range. These limits are not used to 
calculate outgoing quality levels. 

Note 4: Output current will decrease with increasing temperature, but will not go below 1A at the maximum specified temperature. 

Note 5: Human body model, 100 pF discharged through a 1.5 kft resistor. 


Typical Application 
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UNREGULATED 

INPUT 

Cl 
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| LM2940C |— J— 
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VOUT 

REGULATED 

OUTPUT 

c 0UT** 

22//F 


TL/H/6158-2 


’Required if regulator is located far from power supply filter. 

**Cout must be at least 22 ju.F to maintain stability. May be increased with- 
out bound to maintain regulation during transients. Locate as close as possi- 
ble to the regulator. This capacitor must be rated over the same operating 
temperature range as the regulator. The equivalent series resistance (ESR) 
of this capacitor is critical; see curve. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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National 

Semiconductor 


LM2941 1A Low Dropout Adjustable Regulator 


General Description 

The LM2941 positive voltage regulator features the ability to 
source 1 A of output current with a typical dropout voltage of 
0.5V and a maximum of IV over the entire temperature 
range. Furthermore, a quiescent current reduction circuit 
has been included which reduces the ground pin current 
when the differential between the input voltage and the out- 
put voltage exceeds approximately 3V. The quiescent cur- 
rent with 1 A of output current and an input-output differen- 
tial of 5V is therefore only 30 mA. Higher quiescent currents 
only exist when the regulator is in the dropout mode (Vin - 
v OUT ^ 3V). 

Designed also for vehicular applications, the LM2941 and 
all regulated circuitry are protected from reverse battery in- 
stallations or two-battery jumps. During line transients, such 
as load dump (60V) when the input voltage can momentarily 
exceed the specified maximum operating voltage, the regu- 


lator will automatically shut down to protect both the internal 
circuits and the load. Familiar regulator features such as 
short circuit and thermal overload protection are also pro- 
vided. 

Features 

■ Output voltage adjustable from 5V to 20V 

■ Dropout voltage typically 0.5V @ Iq = 1A 

■ Output current in excess of 1A 

■ Trimmed reference voltage 

■ Reverse battery protection 

■ Internal short circuit current limit 

■ Mirror image insertion protection 

■ 1 00% electrical burn-in in thermal limit 

■ TTL, CMOS compatible ON/OFF switch 


Equivalent Schematic and Connection Diagram 



D0UT 
DIN 
DGND 
DON/OFF 
D ADJUST 

TL/H/8823-2 

Front View 

Order Number LM2941T 
See NS Package Number T05A 


o 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

Survival Voltage 100 ms) 60V 

Operational Voltage 26V 

Internal Power Dissipation (Note 1 ) Internally limited 


Operating Temperature Range 0a) -40°C to + 125°C 

Maximum Junction Temperature 1 50°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature 
(Soldering, 10 seconds) 

ESD susceptibility rating is to be determined. 


260°C 


Electrical Characteristics 

5V ^ Vq ^ 20V, V|n = Vq + 5V, Cq = 22 jllF, Tj = 25°C (unless otherwise specified) 


Parameter 

Conditions 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

(Limits) 

Reference Voltage 

5 mA ^ Iq ^ 1A, (Note 4) 

1.275 

1.237 

1.313 

— 

V(min) 

V(max) 

Line Regulation 

V 0 + 2V <; V| N <; 26 V, l 0 = 5 mA 

4 

10 


mV/V(max) 

Load Regulation 

50 mA ^ Iq ^ 1A 

7 

10 

16 

mV/V(max) 

Output Impedance 

100 mADC and 20 mArms 
f 0 = 120 Hz 

7 



mft/V 

Quiescent Current 

V 0 + 2V <; V| N < 26V, l 0 = 5 mA 

10 

15 

20 

mA(max) 


V| N = V 0 + 5V, l 0 = 1 A 

30 

45 

60 

mA(max) 

RMS Output Noise, 

% of Vqut 

10 Hz- 100 kHz 

Iq = 5 mA 




% 

Ripple Rejection 

fo = 120 Hz, 1 Vrms, l|_ = 100 mA 

0.005 

0.02 

0.04 

%/V(max) 

Long Term Stability 


0.4 



%/1000 Hr 

Dropout Voltage 

l 0 = 1A 

0.5 

0.8 

1.0 

V(max) 


Iq = 100 mA 

110 

200 

200 

mV(max) 

Short Circuit Current 

V| N max = 26 V (Note 5) 

1.9 

1.6 


A(min) 

Maximum Line 

Transient 

Vq max IV above nominal Vq 

Rq = 100H, T ^ 100 ms 

75 

60 

60 

V(min) 

Maximum Operational 
Input Voltage 


31 

26 

26 

Vdc 

Reverse Polarity 

DC Input Voltage 

r 0 = icon, v 0 ;> -o.6V 

-30 

-15 

-15 

V(min) 

Reverse Polarity 

Transient Input Voltage 

T ^ 100 ms, Rq = 100H 


-50 

-50 

V(min) 

ON/OFF 

Threshold Voltage 

ON 

lo^ 1A 


0.80 


V(max) 

ON/OFF 

Threshold Voltage 

OFF 

Iq ^ 1A 

1.30 

2.00 

2.00 

V(min) 

ON/OFF 

Threshold Current 

VoN/OFF = 2.0V, 

Iq ^ 1 A 

50 

100 

300 

juA(max) 


Note 1: The maximum power dissipation is a function of Tj(max), 0 ja, and Ta- The maximum allowable power dissipation at any ambient temperature is 
p D = (Tj(max) - T a )/0j A . If this dissipation is exceeded, the die temperature will rise above 150°C and the LM2941 will go into thermal shutdown. For the 
LM2941 , the junction-to-ambient thermal resistance is 53°C/W, and the junction-to-case thermal resistance is 3°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the operating temperature and supply voltage range. These limits are not used to 
calculate outgoing quality levels. 

Note 4: The output voltage range is 5V to 20V and is determined by the two external resistors, R1 and R2. See Typical Application Circuit. 

Note 5: Output current will decrease with increasing temperature, but will not go below 1 A at the maximum specified temperatures. 
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Typical Performance Characteristics (Continued) 
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Output at 
Voltage Extremes 
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TL/H/8823-5 


Definition of Terms 

Dropout Voltage: The input-voltage differential at which 
the circuit ceases to regulate against further reduction in 
input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at (Vqijt 
+ 5V) input, dropout voltage is dependent upon load cur- 
rent and junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 
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Typical Applications 


5V to 20V Adjustable Regulator 



Vout = Reference voltage x — where Vref = 1.275 typical 

Solving for R2: R2 = R1 ( - 1 ) 

Wref / 

Note: Using Ik for R1 will ensure that the input bias current error of the 
adjust pin will be negligible. Do not bypass R1 or R2. This will lead to instabil- 
ities. 


TL/H/8823-3 

* Required if regulator Is located far from power supply filter. 

**Cout must be at least 22 jaF to maintain stability. May be increased with- 
out bound to maintain regulation during transients. Locate as close as possi- 
ble to the regulator. This capacitor must be rated over the same operating 
temperature range as the regulator and the ESR is critical: see curve. 


1 A Switch 


12V 



LOAD 


TL/H/8823-6 

***To assure shutdown, select Resistor R3 to guarantee at least 300 n A of pull-up current when SI is open. (Assume 2V at the ON/OFF pin.) 


1-252 





National 

Semiconductor 


LM2941C 1A Low Dropout Adjustable Regulator 


General Description 

The LM2941C positive voltage regulator features the ability 
to source 1 A of output current with a typical dropout voltage 
of 0.5V and a maximum of IV over the entire temperature 
range. Furthermore, a quiescent current reduction circuit 
has been included which reduces the ground pin current 
when the differential between the input voltage and the out- 
put voltage exceeds approximately 3V. The quiescent cur- 
rent with 1A of output current and an input-output differen- 
tial of 5V is therefore only 30 mA. Higher quiescent currents 
only exist when the regulator is in the dropout mode 
(V|N “ Vqut ^ 3V). 

Low dropout voltage, coupled with 1A current capability, 
makes the LM2941C useful in applications where the input 
voltage is maintained at a level within one or two volts of the 
output voltage. Operation at these low input-output voltage 
differentials reduces regulator power dissipation and in- 
creases overall system efficiency. 


The LM2941C can be used to provide on-board regulation 
and post-switcher regulation. Other applications include 
fault protected 1A switches. 

Features 

■ Output voltage adjustable from 5V to 20V 

■ Dropout voltage typically 0.5V @ Iq = 1A 

■ Output current in excess of 1A 

■ Trimmed reference voltage 

■ Reverse battery protection 

■ Internal short circuit current limit 

■ Mirror image insertion protection 

b 100% electrical burn-in in thermal limit 
a TTL, CMOS compatible ON/OFF switch 


Equivalent Schematic and Connection Diagram 




i ADJUST 


TL/H/10367-2 

Front View 

Order Number LM2941CT 
See NS Package Number T05A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

Survival Voltage 100 ms) 45V 

Operational Voltage 26V 

Internal Power Dissipation (Note 1 ) Internally limited 


Operating T emperature Range 0a) 0° 

Maximum Junction Temperature 
Storage T emperature Range - 65° 

Lead Temperature 
(Soldering, 1 0 seconds) 

ESD susceptibility rating is to be determined. 


Electrical Characteristics 

5 V ^ Vq ^ 20V, Vin = Vp + 5V, Cp = 22 jllF, Tj =, 25°C (unless otherwise specified) 

Tested 

Parameter Conditions Typ Limit 

(Note 2) 


1 275 1 237 

1-313 

4 10 


Reference 

Voltage 

5 mA ^ Ip ^ 1A, (Note 4) 

Line Regulation 

Vp + 2V <; V| N <; 26V, Ip = 5 mA 

Load Regulation 

50 mA ^ Ip ^ 1 A 


Ip = 1A 

Iq = 100 mA 

V| N max = 26V (Note 5) 

Vq max IV above nominal Vq 
Rq = 100ft, T ^ 100 ms 


R o = 100ft, V 0 ;> -0.6V 
T ^ 100 ms, Ro = 100ft 
lo* 1A 


Ip ^ 1A 


Units 

(Limits) 



mV/V(max) 


mV/V(max) 


mA(max) 

mA(max) 

% 

%/V(max) 
%/1000 Hr 

V(max) 

mV(max) 


Output Impedance 100 mADC and 20 mArms _~ /v/ 

f 0 = 1 20 Hz 7 __ mfl/V 

Quiescent Vp + 2V ^ V|n < 26 V, Ip = 5 mA 10 15 mA(max) 

Current V|n = Vq + 5V, Ip = 1A 30 45 60_ mA(max) 

RMS Output Noise, 10 Hz- 100 kHz 0 G/ 

% of Vquj Ip = 5 mA 0,003 ° 

Ripple Rejection fp = 120 Hz, 1 Vrms, l|_ = 100 m A 0.005 0.02 %/V(max) 

o° n 5|I erm 0.4 %/1000 Hr 

Dropout Voltage Ip = 1A 05 0.8 TO V(max) 

Ip = 100 mA 110 200 200 mV(max) 

Short Circuit V iN max = 26V (Note 5) „ .... 

Current ' ' v ' 

Maximum Line Vp max IV above nominal Vp 55 „ c w/rwi!r%x 

Transient Rp = 100ft, T ^ 100 ms 

Maximum 

Operational 31 26 Vpc 

Input Voltage 

Reverse Polarity R 0 = 100ft. V 0 * -0.6V _ _ 

DC Input Voltage v 7 

Reverse Polarity T ^ 100 ms, Rp = 100ft _« _ AR ... . * 

Transient Input Voltage 1 ' 

ON/OFF Ip^lA r 

Threshold Voltage 1.30 0.80 V(max) 

ON 

ON/OFF Ip £ 1A 

Threshold Voltage 1.30 2.00 V(min) 

OFF 


ON/OFF Vp N /p FF = 2.0V 

Threshold Ip ^ 1 A 50 100 ju.A(max) 

Current 

Note 1: The maximum power dissipation is a function of Tj( ma x). 0JA and Ta- The maximum allowable power dissipation at any ambient temperature is Pd = 
(Tj(max) ~ Ta)/0ja- If this dissipation is exceeded, the die temperature will rise above 150°C and the LM2941C will go into thermal shutdown. For the LM2941C, 
the junction-to-ambient thermal resistance is 53°C/W, and the junction*to-case thermal resistance is 3°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the operating temperature and supply voltage range. These limits are not used to 
calculate outgoing quality levels. 

Note 4: The output voltage range is 5V to 20V and is determined by the two external resistors, R1 and R2. See Typical Application Circuit. 

Note 5: Output current will decrease with increasing temperature, but will not go below 1 A at the maximum specified temperatures. 


/xA(max) 
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Typical Performance Characteristics (Continued) 



Low Voltage Behavior 
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Definition of Terms 

Dropout Voltage: The input-voltage differential at which 
the circuit ceases to regulate against further reduction in 
input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at (Vout 
+ 5V) input, dropout voltage is dependent upon load cur- 
rent and junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output^ 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 
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Typical Applications 


5V to 20V Adjustable Regulator 



Vout = Reference voltage x - 1 ^ — where Vref = 1 -275 typical 

Solving for R2: R2 = R1 ( ^ 2 - _ -| ) 

Wref / 

Note: Using Ik for R1 will ensure that the input bias current error of the 
adjust pin will be negligible. Do not bypass R1 or R2. This will lead to instabil- 
ities. 


TL/H/ 10367-5 

’Required if regulator is located far from power supply filter. 

**Cout must be at least 22 ju,F to maintain stability. May be increased with- 
out bound to maintain regulation during transients. Locate as close as possi- 
ble to the regulator. This capacitor must be rated over the same operating 
temperature range as the regulator and should have an ESR less than 1 fl to 
maintain stability. 


1A Switch 


12V 



TL/H/1 0367-6 

***To assure shutdown, select resistor R3 to guarantee at least 300 jiA of pull-up current when SI is open. (Assume 2 V at the ON/OFF pin.) 
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National 

Semiconductor 


LM2984C Microprocessor Power Supply System 


General Description 

The LM2984C positive voltage regulator features three in- 
dependent and tracking outputs capable of delivering the 
power for logic circuits, peripheral sensors and standby 
memory in a typical microprocessor system. The LM2984C 
includes circuitry which monitors both its own high-current 
output and also an external juP. If any error conditions are 
sensed in either, a reset error flag is set and maintained until 
the malfunction terminates. Since these functions are in- 
cluded in the same package with the three regulators, a 
great saving in board space can be realized in the typical 
microprocessor system. The LM2984C also features very 
low dropout voltages on each of its three regulator outputs 
(0.6V at the rated output current). Furthermore, the quies- 
cent current can be reduced to 1 mA in the standby mode. 
Designed also for vehicular applications, the LM2984C and 
all regulated circuitry are protected from reverse battery in- 
stallations or 2-battery jumps. Familiar regulator features 
such as short circuit and thermal overload protection are 


also provided. Fixed outputs of 5V are available in the plas- 
tic TO-220 power package. 

Features 

■ Three low dropout tracking regulators 

■ Output current in excess of 500 mA 

■ Low quiescent current standby regulator 

■ Microprocessor malfunction RESET flag 

■ Delayed RESET on power-up 

■ Accurate pretrimmed 5V outputs 

■ Reverse battery protection 

■ Overvoltage protection 

■ Reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ ON /OFF switch for high current outputs 

■ 1 00% electrical burn-in in thermal limit 


Typical Application Circuit 


LM2984C 

VlN 


MONITOR OUT 
RESET IN 




Vbuffer 

VOUT 


pPmon 

LM2984C 


RESET 




1Q 5V, 100 mA 


2 3 6 5 


Rt Z Cr 


PERIPHERAL 

SENSORS 


Order Number LM2984CT 
See NS Package Number TA11B 


Cout must be at least 10 jj.F to 
maintain stability. May be increased 
without bound to maintain regulation 
during transients. Locate as close as 
possible to the regulator. This capac- tl/h/ 8821 -1 
itor must be rated over the same op- 
erating temperature range as the 
regulator. The equivalent series re- 
sistance (ESR) of this capacitor is 
critical; see curve. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage 

Survival Voltage (<100 ms) 35V 

Operational Voltage 26V 

Internal Power Dissipation Internally Limited 

Operating Temperature Range 0a) 0°C to + 1 25°C 

Maximum Junction Temperature (Note 1) 150°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, 1 0 sec.) 230°C 

ESD rating is to be determined. 

Electrical Characteristics 

V|n = 14V, Iqut = 5 mA, Cqut = 10 jutF, Tj = 25°C (Note 6) unless otherwise indicated 



Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Vqut (Pin 11) 

Output Voltage 

5 mA < l 0 < 500 mA 

6V < V| N < 26 V 

5.00 

4.85 

5.15 

4.75 

5.25 

Vmin 

Vmax 

Line Regulation 

9V < V| N < 16V 

2 

25 


m Vmax 


7V < V| N < 26V 

5 

50 


m Vmax 

Load Regulation 

5 mA < loUT ^ 500 mA 

12 

50 


m Vmax 

Output Impedance 

250 mAdc and 1 0 m A rms , 
f 0 = 120 Hz 

24 



mfl 

Quiescent Current 

Iqut = 500 mA 

38 

100 


m Amax 


Iqut ~ 250 mA 

14 

50 


m Amax 

Output Noise Voltage 

10 Hz-100 kHz, Iqut = 100 mA 

100 



jaV 

Long Term Stability 


20 



mV/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

70 

60 


dB m j n 

Dropout Voltage 

Iqlit ~ 500 mA 

0.53 

0.80 

1.00 

Vmax 


Iqut = 250 mA 

0.28 

0.50 

0.60 

Vmax 

Current Limit 


0.92 

0.75 


Amin 

Maximum Operational 

Input Voltage 

Continuous DC 

32 

26 

26 

Vmin 

Maximum Line Transient 

Vout ^ ^out = loon 

45 

35 

35 

Vmin 

Reverse Polarity 

Input Voltage DC 

Vqut ^ — o.6V, Rout = i oon 

-30 

-15 

-15 

Vmin 

Reverse Polarity Input 
Voltage Transient 

t < ioo ms, Rqut = ioon 

-55 

-35 

-35 

Vmin 
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Electrical Characteristics (continued) 

V||sj = 14V, lb U f = 5 mA, Cb U f = 10 jaF, Tj = 25°C (Note 6) unless otherwise indicated 

Parameter 

Conditions 

Typical 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

^buffer 10) 

Output Voltage 

5 mA £ l 0 ^ 100 mA 

6V <: V| N <; 26V 

5.00 

4.85 

5.15 

4.75 

5.25 

Vmin 

Vmax 

Line Regulation 

9V ^ V| N <M6V 

2 

25 


m V max 

7V <: V| N ^ 26V 

5 

50 


m Vmax 

Load Regulation 

5 mA ^ Ibuf ^ 100 mA 

15 

50 


m V m ax 

Output Impedance 

50 mAdc and 10 mA rms , 

200 



mfl 

Quiescent Current 

Ibuf =100 mA 

8.0 

15.0 


m Amax 

Output Noise Voltage 

10 Hz-100 kHz, l 0 UT = 100 mA 

100 



mV 

Long Term Stability 


20 



mV/ 1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

70 

60 


dB m j n 

Dropout Voltage 

Ibuf = 100 mA 

0.35 

0.50 

0.60 

Vmax 

Current Limit 


0.23 

0.15 


Amin 

Maximum Operational 
Input Voltage 

Continuous DC 

32 

26 

26 

Vmin 

Maximum Line 

Transient 

Vbuf ^ 6V, Rbuf — i oon 

45 

35 

35 

Vmin 

Reverse Polarity 

Input Voltage DC 

V bu f ^ -0.6V, R bu f = ioon 

-30 

-15 

-15 

Vmin 

Reverse Polarity Input 
Voltage Transient 

T ^ 100 ms, Rbuf = 100a 

-55 

-35 

-35 

Vmin 

Electrical Characteristics 

Vin = 14V, l st by - 1 mA, C st by = 10 juF, Tj = 25°C (Note 6) unless otherwise indicated 

Parameter 

Conditions 

Typical 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

^standby (P' n 0) 

Output Voltage 

1 mA ^ l 0 ^ 7.5 mA 

6V <: V| N ^ 26V 

5.00 

4.85 

5.15 

4.75 

5.25 

Vmin 

Vmax 

Line Regulation 

9V<;V| N <; 16V 

2 

25 


m Vmax 

7V ^ V| N ^ 26V 

5 

50 


m Vmax 

Load Regulation 

0.5 mA ^ lstby ^7.5 mA 

6 

50 



Output Impedance 

5 mAdc and 1 m A rms , f 0 = 120 Hz 

0.9 



n 

Quiescent Current 

lstby = 7.5 mA 

1.2 

2.0 


m Amax 

lstby = 2 mA 

0.9 

1.5 


m Amax 
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Electrical Characteristics (continued) 

V|n = 14V, l s tby = 1 mA, C st by = 10 jitF, Tj = 25°C (Note 6) unless otherwise indicated 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Vstandby (Continued) 

Output Noise Voltage 

10 Hz- 100 kHz, l s tby = 1 mA 

100 



ftV 

Long Term Stability 


20 



mV/ 1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

70 

60 


dB m in 

Dropout Voltage 

lstby = "1 mA 

0.26 

0.50 

0.50 

Vmax 

Dropout Voltage 

lstby = 7.5 mA 

■Hi 


0.70 

Vmax 

Current Limit 


15 

12 


m A m in 

Maximum Operational 
Input Voltage 

4.5V ^ Vstby ^ 6V 

R s tby = "1 000ft 

45 

35 

35 

Vmin 

Maximum Line 

Transient 

Vstby ^ 6V, 

Rstby = "1 000ft 

45 

35 

35 

Vmin 

Reverse Polarity 

Input Voltage DC 

Vstby ^ -0.6V, 

Rstby = "1 000ft 

-30 

-15 

-15 

Vmin 

Reverse Polarity Input 
Voltage Transient 

T ^ 100 ms, Rstby = 1000ft 

-55 

-35 

-35 

Vmin 

Electrical Characteristics 

Vin = 14V, Tj = 25°C (Note 6) Cout = 10 juF, Cb U f = 1 0 /llF, C s tby = 10 juF unless otherwise specified 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Tracking and Isolation 

Tracking 

VoUT“V s tby 

Iout ^ 500 mA, Ibuf = 5 mA, 
lstby ^ 7.5 mA 

±30 

±100 


mV max 

Tracking 

Vbuf“V s tby 

Iout = 5 mA, Ibuf ^100 mA, 
lstby ^ 7.5 mA 

±30 

±100 


m V max 






mm 

Isolation* 

V bU f from Vout 

Rout = 1ft. Ibuf ^ 100 mA 

5.00 

4.50 

5.50 


Vmin 

Vmax 

Isolation* 

Vstby from VoUT 

Rout = lstby ^ 7.5 mA 

5.00 

4.50 

5.50 


Vmin 

Vmax 

Isolation* 
v OUT from v buf 

Rbuf = i ft, Iqut ^ 500 mA 

5.00 

4.50 

5.50 


Vmin 

Vmax 

Isolation* 

V s tby from V bu f 

Rbuf == l^i lstby ^7.5 mA 

5.00 

4.50 

5.50 


1 1 
> > 

♦Isolation refers to the ability of the specified output to remain within the tested limits when the other output is shorted to ground. 
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Electrical Characteristics (continued) 

V|n = 14V, Iqut = 5 rnA, Ibuf = 5 mA > Istby = 5 mA » R t = 130k » c t = 0 33 J^F, c mon = 0.47 ju,F, Tj = 25°C (Note 6) unless 
otherwise specified 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Computer Monitor/Reset Functions 

1 reset Low 

V| N = 4V, V rst = 0.4V 

5 

2 

1 

mA min 

Vreset Low 

V|n = 4V, l rs t = 1 mA 

0.10 

0.40 


Vmax 

R t voltage 

(Pin 2) 

1.22 

1.15 


Vmin 

1.22 

1.30 


Vmax 

Power On Reset 

Delay 

V/xP mon = 5V 

Odly = 1-2 RtCt) 

50 

45 


ms min 

50 

55 


ms max 

Vout Low 

Reset Threshold 

(Note 4) 

4.00 

3.60 


Vmin 

4.00 

4.40 


Vmax 

v OUT High 

Reset Threshold 

(Note 4) 

5.50 

5.25 


Vmin 

5.50 

6.00 


Vmax 

Reset Output 

Leakage 

VfxPmon = 5V,V rst =12V 

0.01 

1 


£ 

E 

< 

a. 

mon Input 

Current (Pin 4) 

V/aP mon = 2.4V 

7.5 

25 


f^Amax 

V/aP mon = 0-4V 

0.01 

10 


M'Amax 

mP mon Input 

Threshold Voltage 


1.22 

0.80 

0.80 

Vmin 

1.22 

2.00 

2.00 

Vmax 

/xP Monitor Reset 
Oscillator Period 

VjxPmon = 0V 

Owindow = O- 33 R Anon) 

50 

45 


ms min 

50 

55 


mSmax 

juP Monitor Reset 
Oscillator Pulse Width 

V/AP m0 n = 0V 
(RESETp W = 2000 Cmon) 

1.0 

0.7 

0.5 

ms min 

1.0 

1.3 

2.0 

ms max 

Minimum ju,P Monitor 
Input Pulse Width 

(Note 5) 

2 



J^Smax 

Reset Fall Time 

R rst = 10k,V rst = 5V,C rst <: 10 pF 

0.20 

1.00 


M'Smax 

Reset Rise Time 

R rst = 10k,V rst = 5V,C rst ^ 10 pF 

0.60 

1.00 



On /Off Switch Input 
Current (Pin 8) 

Von = 2.4V 

7.5 

25 


^ A max 

Von = 0.4V 

0.01 

10 



On/Off Switch Input 
Threshold Voltage 


1.22 

0.80 

0.80 

Vmin 

1.22 

2.00 

2.00 

Vmax 

Note 1: Thermal resistance without a heatsink for junction-to-case temperature is 3°C/W. Thermal resistance case-to-ambient is 40°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage range. These limits are not used to 
calculate outgoing quality levels. 

Note 4: An internal comparator detects when the main regulator output (Vout) drops below 4.0V or rises above 5.5V. If either condition exists at the output, the 
Reset Error Flag is held low until the error condition has terminated. The Reset Error Flag is then allowed to go high again after a delay set by R t and C t . (See 
Applications Section.) 

Note 5: This parameter is a measure of how short a pulse can be detected at the fiP Monitor Input. This parameter is primarily influenced by the value of C mon . 

(See Typical Performance Characteristics and Applications Section.) 

Note 6: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Block Diagram 



PEAK DETECTOR 


H? MONITOR O- 


COMPUTER RESET 
TIMER/OSCILLATOR 




"RST 

— ► RESET 



TL/H/8821-2 


Pin Description 


Pin No. 

Pin Name 

Comments 

1 

V| N 

Positive supply input voltage 

2 

Rt 

Sets internal timing currents 

3 

c t 

Sets power-up reset delay timing 

4 

P'P mon 

Microcomputer monitor input 

5 

Cmon 

Sets /nC monitor timing 

6 

Ground 

Regulator ground 

7 

Reset 

Reset error flag output 

8 

ON/OFF 

Enables/disables high current regulators 

9 

^standby 

Standby regulator output (7.5 mA) 

10 

Vbuffer 

Buffer regulator output (1 00 mA) 

11 

VoUT 

Main regulator output (500 mA) 


External Components 


Component 

Typical Value 

Component Range 

Comments 

C|N 

1 fiF 

0.47 jtiF-IOjuF 

Required if device is located far from power supply filter. 

Rt 

130k 

24k-1.2M 

Sets internal timing currents. 

c t 

0.33 juF 

0.033 jttF-3.3 jliF 

Sets power-up reset delay. 

Ctc 

0.01 fxF 

0.001 julF— 0.1 jllF 

Establishes time constant of AC coupled computer monitor. 

Rtc 

10k 

Ik- 100k 

Establishes time constant of AC coupled computer monitor. (See 
applications section.) 

Cmon 

0.47 fiF 

0.047 jllF-4.7 /jlF 

Sets time window for computer monitor. Also determines period and pulse 
width of computer malfunction reset. (See applications section.) 

Rrst 

10k 

5k- 100k 

Load for open collector reset output. Determined by computer reset input 
requirements. 

Cstby 

10 jaF 

10 juF-no bound 

A 1 0 ju,F is required for stability but larger values can be used to maintain 
regulation during transient conditions. 

Cbuf 

10 jllF 

10 /xF-no bound 

A 1 0 jllF is required for stability but larger values can be used to maintain 
regulation during transient conditions. 

CoUT 

10 jliF 

10 jxF-no bound 

A 1 0 juF is required for stability but larger values can be used to maintain 
regulation during transient conditions. 
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Typical Circuit Waveforms 



ON V, N V 0UT V 0UT MALFUNCTION OFF 

TL/H/8821 -3 


Connection Diagram 


MAIN OUTPUT 
BUFFER OUTPUT 
STANDBY OUTPUT 
ON/OFF SWITCH 
RESET ERROR FLAG 
GROUND 

H? MONITOR CAPACITOR 
fx? MONITOR INPUT 
TIMING CAPACITOR 
TIMING RESISTOR 
INPUT VOLTAGE 


TL/H/8821 -4 


TO-220 11 -LEAD 
TAB IS GROUND 



Order Number LM2984CT 
See NS Package Number TA11B 
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Typical Performance Characteristics 


Dropout Voltage (Vqut) 
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Typical Performance Characteristics (Continued) 
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RIPPLE REJECTION (dB) OUTPUT IMPEDANCE (H) LOAD CURRENT OUTPUT VOLTAGE INPUT VOLTAGE OUTPUT VOLTAGE 

0 (mA) DEVIATION (mV) CHANGE (V) DEVIATION (mV) 


Typical Performance Characteristics (Continued) 
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Typical Performance Characteristics (Continued) 


Output Voltage 
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Output Capacitor ESR 
(Standby Output, Pin 9) 
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Output Capacitor ESR 
(Buffer Output, Pin 10) 
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Application Hints 

OUTPUT CAPACITORS 

The LM2984C output capacitors are required for stability. 
Without them, the regulator outputs will oscillate, sometimes 
by many volts. Though the 10 juF shown are the minimum 
recommended values, actual size and type may vary de- 
pending upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also affects the 
1C stability. Since ESR varies from one brand to the next, 
some bench work may be required to determine the mini- 
mum capacitor value to use in production. Worst case is 
usually determined at the minimum ambient temperature 
and the maximum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltages during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than -30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to — 40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 

Each output must be terminated by a capacitor, even if it is 
not used. 

STANDBY OUTPUT 

The standby output is intended for use in systems requiring 
standby memory circuits. While the high current regulator 


outputs are controlled with the ON/OFF pin described later, 
the standby output remains on under all conditions as long 
as sufficient input voltage is supplied to the 1C. Thus, memo- 
ry and other circuits powered by this output remain unaffect- 
ed by positive line transients, thermal shutdown, etc. 

The standby regulator circuit is designed so that the quies- 
cent current to the 1C is very low (<1.5 mA) when the other 
regulator outputs are off. 

The capacitor on the output of this regulator can be in- 
creased without bound. This will help maintain the output 
voltage during negative input transients and will also help to 
reduce the noise on all three outputs. Because the other 
two track the standby output: therefore any noise reduction 
here will also reduce the other two noise voltages. 

BUFFER OUTPUT 

The buffer output is designed to drive peripheral sensor cir- 
cuitry in a juP system. It will track the standby and main 
regulator within a few millivolts in normal operation. There- 
fore, a peripheral sensor can be powered off this supply and 
have the same operating voltage as the juP system. This is 
important if a ratiometric sensor system is being used. 

The buffer output can be short circuited while the other two 
outputs are in normal operation. This protects the juP sys- 
tem from disruption of power when a sensor wire, etc. is 
temporarily shorted to ground, i.e. only the sensor signal 
would be interrupted, while the juP and memory circuits 
would remain operational. 

The buffer output is similar to the main output in that it is 
controlled by the ON/OFF switch in order to save power in 
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Application Hints (Continued) 

the standby mode. It is also fault protected against overvolt- 
age and thermal overload. If the input voltage rises above 
approximately 30V (e.g. load dump), this output will auto- 
matically shut down. This protects the internal circuitry and 
enables the 1C to survive higher voltage transients than 
would otherwise be expected. Thermal shutdown is neces- 
sary since this output is one of the dominant sources of 
power dissipation in the 1C. 

MAIN OUTPUT 

The main output is designed to power relatively large loads, 
i.e. approximately 500 mA. It is therefore also protected 
against overvoltage and thermal overload. 

This output will track the other two within a few millivolts in 
normal operation. It can therefore be used as a reference 
voltage for any signal derived from circuitry powered off the 
standby or buffer outputs. This is important in a ratiometric 
sensor system or any system requiring accurate matching of 
power supply voltages. 

ON/OFF SWITCH 

The ON/OFF switch controls the main output and the buffer 
output. The threshold voltage is compatible with most logic 
families and has about 20 mV of hysteresis to insure ‘clean’ 
switching from the standby mode to the active mode and 
vice versa. This pin can be tied to the input voltage through 
a 10 kn resistor if the regulator is to be powered continu- 
ously. 

POWER DOWN OVERRIDE 

Another possible approach is to use a diode in series with 
the ON/OFF signal and another in series with the main out- 
put in order to maintain power for some period of time after 
the ON/OFF signal has been removed (see Figure 1 ). When 
the ON/OFF switch is initially pulled high through diode D1, 
the main output will turn on and supply power through diode 
D2 to the ON/OFF switch effectively latching the main out- 
put. An open collector transistor Q1 is connected to the 
ON/OFF pin along with the two diodes and forces the regu- 
lators off after a period of time determined by the juP. In this 
way, the pP can override a power down command and store 
data, do housekeeping, etc. before reverting back to the 
standby mode. 



RESET OUTPUT 

This output is an open collector NPN transistor which is 
forced low whenever an error condition is present at the 
main output or when a /aP error is sensed (see juP Monitor 
section). If the main output voltage drops below 4V or rises 
above 5.5V, the RESET output is forced low and held low 
for a period of time set by two external components, Rt and 
Ct. There is a slight amount of hysteresis in these two 
threshold voltages so that the RESET output has a fast rise 
and fall time compatible with the requirements of most juP 
RESET inputs. 


DELAYED RESET 

Resistor Rt and capacitor Ct set the period of time that the 
RESET output is held low after a main output error condition 
has been sensed. The delay is given by the formula: 

Tdiy = 1.2 RA (seconds) 

The delayed RESET will be initiated any time the main out- 
put is outside the 4 V to 5.5V window, i.e. during power-up, 
short circuit, overvoltage, low line, thermal shutdown or 
power-down. The /xP is therefore RESET whenever the out- 
put voltage is out of regulation. (It is important to note that a 
RESET is only initiated when the main output is in error. The 
buffer and standby outputs are not directly monitored for 
error conditions.) 

juP MONITOR RESET 

There are two distinct and independent error monitoring 
systems in the LM2984C. The one described above moni- 
tors the main regulator output and initiates a delayed RE- 
SET whenever this output is in error. The other error moni- 
toring system is the jaP watchdog. These two systems are 
OR’d together internally and both force the RESET output 
low when either type of error occurs. 

This watchdog circuitry continuously monitors a pin on the 
juP that generates a positive going pulse during normal op- 
eration. The period of this pulse is typically on the order of 
milliseconds and the pulse width is typically on the order of 
10’s of microseconds. If this pulse ever disappears, the 
watchdog circuitry will time out and a RESET low will be 
sent to the juP. The time out period is determined by two 
external components, Rt and C mon , according to the formu- 
la: 

Twindow = 0*82 RtC m0 n (seconds) 

The width of the RESET pulse is set by C mon and an inter- 
nal resistor according to the following: 

RESET pw = 2000 Cuiqp (seconds) 

A square wave signal can also be monitored for errors by 
filtering the C mon input such that only the positive edges of 
the signal are detected. Figure 2 is a schematic diagram of a 
typical circuit used to differentiate the input signal. Resistor 
Rtc and capacitor Ct c pass only the rising edge of the 
square wave and create a short positive pulse suitable for 
the juP monitor input. If the incoming signal continues in a 
high state or in a low state for too long a period of time, a 
RESET low will be generated. 



FIGURE 2. Monitoring Square Wave juP Signals 

The threshold voltage and input characteristics of this pin 
are compatible with nearly all logic families. 

There is a limit on the width of a pulse that can be reliably 
detected by the watchdog circuit. This is due to the output 
resistance of the transistor which discharges C mon when a 
high state is detected at the input. The minimum detectable 
pulse width can be determined by the following formula: 
PW min = 20 C mon (seconds) 
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Equivalent Schematic Diagram 




National 
Semiconductor 

LM78XX Series Voltage Regulators 

General Description 

The LM78XX series of three terminal regulators is available 
with several fixed output voltages making them useful in a 
wide range of applications. One of these is local on card 
regulation, eliminating the distribution problems associated 
with single point regulation. The voltages available allow 
these regulators to be used in logic systems, instrumenta- 
tion, HiFi, and other solid state electronic equipment. Al- 
though designed primarily as fixed voltage regulators these 
devices can be used with external components to obtain 
adjustable voltages and currents. 

The LM78XX series is available in an aluminum TO-3 pack- 
age which will allow over 1 .OA load current if adequate heat 
sinking is provided. Current limiting is included to limit the 
peak output current to a safe value. Safe area protection for 
the output transistor is provided to limit internal power dissi- 
pation. If internal power dissipation becomes too high for 
the heat sinking provided, the thermal shutdown circuit 
takes over preventing the 1C from overheating. 

Considerable effort was expanded to make the LM78XX se- 
ries of regulators easy to use and mininize the number 


of external components. It is not necessary to bypass the 
output, although this does improve transient response. Input 
bypassing is needed only if the regulator is located far from 
the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the LM117 
series provides an output voltage range from 1 .2V to 57V. 

Features 

■ Output current in excess of 1A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in the aluminum TO-3 package 

Voltage Range 

LM7805C 5V 

LM7812C 12V 

LM7815C 15V 



Schematic and Connection Diagrams 



Metal Can Package 
TO-3 (K) 
Aluminum 



Bottom View 


TL/H/7746-2 


Order Number LM7805CK, 
LM7812CK or LM7815CK 
See NS Package Number KC02A 


Plastic Package 
TO-220 (T) 



TL/H/7746-3 

Top View 


Order Number LM7805CT, 
LM7812CT or LM7815CT 
See NS Package Number T03B 
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LM78XX 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage (V 0 = 5V, 1 2V and 1 5V) 35V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range 0a) 0°C to + 70°C 


Maximum Junction Temperature 
(K Package) 150°C 

(T Package) 1 50°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 

TO-3 Package K 300°C 

TO-220 Package T 230°C 


Electrical Characteristics LM78XXC (Note 2) 0°C ^ Tj ^ 125°C unless otherwise noted. 


Output Voltage 

5V 

12V 

15V 


Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C, 5 mA ^ l 0 £ 1A 

4.8 

5 

5.2 

11.5 

12 

12:5 

14.4 

15 

15.6 

V 



P D <; 1 5W, 5 mA ^ l 0 £ 1A 

4.75 


5.25 

11.4 


12.6 

14.25 


15.75 

V 



Vmin ^ Vin ^ V MAX 

(7.5 ^ V| N ^ 20) | 

(14.5 <; Vin ^ 27) 1 

(17.5 <; V| N £ 30) | 

V 

AV 0 

Line Regulation 

lo = 500 mA 

Tj = 25°C 


3 

50 


4 

120 


4 

150 

mV 




av, n 

(7^V| N ^25) | 

14.5 ^ V| N <; 30) | 

(17.5 ^ V| N ^ 30) | 

V 




0°C ^ Tj ^ + 1 25°C 



50 



120 



150 

mV 




AV| N 

(8^V| N ^20) | 

(15^V IN ^27) | 

(18.5 ^ V|n ^ 30) | 

V 



l 0 ^ 1A 

Tj = 25°C 



50 



120 



150 

mV 




AVin 

(7.5 <; V| N <: 20) | 

(14.6 ^ V| N <; 27) | 

(17.7 ^ V| N <; 30) | 

V 




0°C ^ Tj ^ + 1 25°C 



25 



60 



75 

mV 




av, n 

(8 ^ V IN ^ 12) | 

(16 ^ V| N ^ 22) | 

(20 <; V| N <; 26) | 

V 

AV 0 

Load Regulation 

Tj = 25°C 

5 mA ^ lo ^ 1 -5A 


10 

50 


12 

120 


12 

150 

mV 




250 mA ^ Iq ^ 750 mA 



25 



60 



75 

mV 



5 mA ^ l 0 ^ 1 A, 0°C <; Tj ^ + 125°C 

50 

120 

150 

mV 

>Q 

Quiescent Current 

Iq ^ 1A 

Tj = 25°C 



8 



8 



8 

mA 




0°C ^ Tj ^ + 125°C 



8.5 



8.5 



8.5 

mA 

AIq 

Quiescent Current 

5 mA ^ Iq ^ 1 A 

0.5 

0.5 

0.5 

mA 


Change 

Tj = 25°C, l 0 ^ 1A 



1.0 



1.0 



1.0 

mA 



Vmin ^ V| N ^ v M ax 

| (7.5 ^ Vin <1 20) 

| (14.8 ^ V !N ^ 27) 

| (17.9 ^ V| N ^ 30) 

V 



l 0 ^ 500 mA, 0°C ^ Tj ^ + 125°C 



1.0 



1.0 



1.0 

mA 



Vmin ^ V !N ^ Vmax 

(7^V| N ^25) 

(14.5 ^ V| N ^ 30) 

(17.5 ^ V| N ^ 30) 

V 

v n 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 

40 

75 

90 

P'V 

AV|n 

Ripple Rejection 

r 

l 0 ^ 1A,Tj = 25°C or 

62 

80 


55 

72 


54 

70 


dB 

AVout 


f = 120 Hz^ 

Iq ^ 500 mA 

0°C<T\£ + 125°C 

62 



55 



54 



dB 



Vmin ^ V !N ^ V MAX 

| (8£V, n <;18) 

| (15 ^ V| N ^ 25) 

1 (18.5 £ V| N £ 28.5) 

V 

Ro 

Dropout Voltage 

Tj = 25°C, Iqut = 1 A 


2.0 



2.0 



2.0 


V 


Output Resistance 

f = 1 kHz 



8 



18 



19 


mil 


Short-Circuit Current 

Tj = 25°C 



2.1 



1.5 



1.2 


A 


Peak Output Current 

Tj = 25°C 



2.4 



2.4 



2.4 


A 


Average TC of Vqut 

|0°C £Tj <; + 125°C, Iq = 5 mA 


0.6 



1.5 



1.8 


mV/°C 

V| N 

Input Voltage 














Required to Maintain 

Tj = 25°C, l 0 ^ 1 A 


7.5 


14.6 



17.7 



V 


Line Regulation 














Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of the TO-220 
package (T) is typically 4°C/W junction to case and 50°C/W case to ambient. 


Note 2: All characteristics are measured with capacitor across the input of 0.22 juF, and a capacitor across the output of 0.1 juF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w £ 10 ms, duty cycle £ 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE ( C) 


Maximum Average Power 
Dissipation 



0 25 50 75 

AMBIENT TEMPERATURE ( C) 


Peak Output Current 



0 5 10 15 20 25 30 35 

INPUT TO OUTPUT DIFFERENTIAL (V) 


Output Voltage (Normalized 
to IV at Tj = 25°C) 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE ( 0 


Ripple Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Ripple Rejection 


90 

80 

70 

60 

50 

0 5 10 15 20 25 

OUTPUT VOLTAGE (V) 



















• 








1 = 120 Hz 

— V IN -V 0UT = 8 V DC + 3 5 Vrms 

•OUT = 1A 

Tj = 25*0 

1 1 1 L 


Output impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE ( 0 


Dropout Characteristics 



0 2 4 6 B 10 

INPUT VOLTAGE (V) 


Quiescent Current 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE ( J C) 


Quiescent Current 



5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 
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TL/H/7746-4 


LM78XX 



LM7800 Series 



National 

Semiconductor 


LM7800 Series 

3-Terminal Positive Voltage Regulators 


General Description 

The LM7800 series of monolithic 3-terminal positive voltage 
regulators employ internal current-limiting, thermal shut- 
down and safe-area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can 
deliver over 1 .OA output current. They are intended as fixed 
voltage regulators in a wide range of applications including 
local (on-card) regulation for elimination of noise and distri- 
bution problems associated with single-point regulation. In 
addition to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable 
output voltages and currents. 


Features 

■ Output current in excess of 1 .OA 

■ No external components 

■ Internal thermal overload protection 

■ Internal short circuit current-limiting 

■ Output transistor safe-area compensation 

■ Available in JEDEC TO-220 and TO-3 packages 

■ Output voltages of 6V, 8V, 18V and 24V (See Note) 

■ Available in extended temperature range 


Connection Diagrams 


COMMON 



TL/H/10052-1 

Top View 

Order Number LM7806K, LM7808K, LM7818K, 

LM7824K, LM7806CK, LM7808CK, 

LM7818CK or LM7824CK 
See NS Package Number K02A 



Lead 3 connected to tab. TL/H/1 0052-2 

Top View 

Order Number LM7806CT, LM7808CT 
LM7818CT or LM7824CT 
See NS Package Number T03B 

Note: See General Purpose Linear Databook for specifica- 
tions on similar devices with 5V, 12V, or 15V outputs. These 
parts can be found under LM140/LM340, LM140A/LM340A 
(for tighter output tolerance) and LM78XX datasheets. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature Range 
TO-3 Metal Can -65°C to + 1 75°C 

TO-220 Package -65°C to + 1 50°C 

Operating Junction Temperature Range 
Extended (LM7800) -55°C to + 1 50°C 

Commercial (LM7800C) 0°C to + 1 50°C 


Lead Temperature 
TO-3 Metal Can (Soldering, 60 sec.) 
TO-220 Package (Soldering, 10 sec.) 
Power Dissipation 
Input Voltage 
6.0V to 18V 
24V 

ESD Susceptibility 


300°C 
265°C 
Internally Limited 


(to be determined) 


LM7806C 

Electrical Characteristics 

0°C ^ Ta ^ +125°C, V| = 11V, Iq = 500 mA, C| = 0.33 jiF, Cq = 0.1 juF, unless otherwise specified 


Symbol 


Parameter 

Output Voltage 
Vr line Line Regulation 

Vr load Load Regulation 

Vq Output Voltage 

Iq Quiescent Current 

AIq Quiescent Current With I 

Change With I 

Nq Noise 

AV|/AVq Ripple Rejection 

Vdo Dropout Voltage 

Rq Output Resistance 

Iqs Output Short Circuit Current 

Ipk Peak Output Current 


Conditions (Note 1) 


T. = 25°C 


Tj = 25 C 
Tj = 25°C 


8.0V ^ V| ^ 25V 
9.0V ^ V| ^ 13V 


Tj = 25°C 5.0 mA ^ Ip <; 1.5A 

250 mA ^ lo ^ 750 mA 

8.0V <; V| <; 21V, 5.0 mA <; Ip <: 1.0A, P ^ 15W 

Tj = 25°C 

With Line 8.0V ^ V| <; 25V 

With Load 5.0 mA <; l 0 ^ 1.0A 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 

f = 2400 Hz, Ip = 350 mA, Tj = 25°C 

Ip = 1.0A, Tj = 25°C 

f = 1.0 kHz 

jrrent Tj = 25°C, V| = 35V 

Tj = 25°C 

l 0 = 5.0 mA, 0°C + 125°C 




i 6.0 6.25 


120 

60 


14 120 

4.0 60 

6.3 

4.3 8.0 

1.3 


AVq/AT Average Temperature 

Coefficient of Output Voltage 


LM7808 

Electrical Characteristics 

— 55°C ^ T A ^ +125°C, V| = 14V, Iq = 500 mA, C| = 0.33 juF, Cq = 0.1 jaF, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Vo 

Output Voltage 

Tj = 25°C 

7.7 

8.0 

8.3 

Vr LINE 

Line Regulation 

Tj = 25°C 

10.5V ^ V| ^ 25 V 


6.0 

80 




11V ^ V! ^ 17V 


2.0 

40 

Vr LOAD 

Load Regulation 

Tj = 25°C 

5.0 mA ^ l 0 ^ 1.5A 


12 

100 




250 mA ^ Iq ^ 750 mA 


4.0 

40 

v 0 

Output Voltage 

11.5V ^ V| ^ 23V, 5.0 mA ^ l 0 ^ 1.0A, P ^ 15W 

7.6 


8.4 

>Q 

Quiescent Current 

Tj = 25°C 


4.3 

6.0 

AIq 

Quiescent Current With Line 

11.5V ^ V| ^ 25V 



0.8 


Cha nge With Load 

5.0 mA ^ l 0 <£ 1 .0A 



0.5 
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LM7800 Series 


LM7808 

Electrical Characteristics (Continued) 

— 55°C ^ Ta ^ + 1 25°C, V| = 14V, Iq = 500 mA, C| = 0.33 juF, Cq = 0.1 juF, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

N 0 

Noise 

T a = 25°C, lOHz^f <; 100 kHz 


8.0 

40 

fiV/Vo 

AV|/AV 0 

Ripple Rejection 

f = 2400 Hz, l 0 = 350 mA, Tj = 25°C 

62 

72 


dB 

Vdo 

Dropout Voltage 

l 0 = I.OA.Tj = 25°C 


2.0 

2.5 

V 

Ro 

Output Resistance 

f = 1.0 kHz 


16 


mft 

los 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 


0.75 

1.2 

A 

Ipk 

Peak Output Current 

Tj = 25°C 

1.3 

2.2 

3.3 

A 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 

— 55°C £ T a ^ +25°C 



0.4 

mV/°C/ 

Vo 

+ 25°C<;Ta<; + 125°C 



0.3 


LM7808C 

Electrical Characteristics 

0°C ^ Ta ^ + 1 25°C, V| = 14V, Iq = 500 mA, C| = 0.33 /xF, Cp = 0.1 jutF, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

7.7 

8.0 

8.3 

V 

Vr LINE 

Line Regulation 

Tj = 25°C 

10.5V ^ V| ^ 25V 


6.0 

160 

mV 

11V <.V\<L 17V 


2.0 

80 

Vr load 

Load Regulation 

Tj = 25°C 

5.0 mA ^ lo ^ 1.5A 





250 mA ^ Iq ^ 750 mA 


4.0 

80 

Vo 

Output Voltage 

10.5V <; V| £ 23V, 5.0 mA ^ l 0 <; 1.0A, P <£ 15W 



8.4 

V 

Iq 

Quiescent Current 

Tj = 25°C 


4.3 

8.0 

mA 

AIq 

Quiescent Current 
Change 

With Line 

10.5V ^ V| ^ 25V 



1.0 

mA 

With Load 

5.0 mA ^ lo ^ 1.0A 



0.5 

N 0 

Noise 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 


52 



AV|/AV 0 

Ripple Rejection 

f = 2400 Hz, l 0 = 350 mA, Tj = 25°C 

56 

72 



Vdo 

Dropout Voltage 

l 0 = I.OA.Tj = 25°C 


2.0 


1 

Ro 

Output Resistance 

f= 1.0 kHz 


16 


mn 

los 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 


450 


mA 

Ipk 

Peak Output Current 

Tj = 25°C 




A 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


0.8 


mV/°C 
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LM7818 

Electrical Characteristics 

— 55°C ^ Ta ^ +125°C, V| = 27 V, Iq = 500 mA, C| = 0.33 /iF, Cq = 0.1 jll F, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

17.3 

18.0 

18.7 

V 

Vr line 

Line Regulation 

Tj = 25°C 

21V £ V| <; 33V 


15 

180 

mV 

24V ^ V| £ 30V 


5.0 

90 

Vr load 

Load Regulation 

Tj = 25°C 

5.0 mA ^ Iq ^ 1.5A 


12 

180 

mV 

250 mA ^ Iq ^ 750 mA 


4.0 

90 

Vo 

Output Voltage 

22V <: V| <; 33V, 5.0 mA <; l 0 <: 1.0A, P <; 15W 

17.1 


18.9 

V 

Iq 

Quiescent Current 

Tj - 25°C 


4.5 

6.0 

mA 

AIq 

Quiescent Current 
Change 

With Line 

22 V ^ V| ^ 33V 



0.8 

mA 

With Load 

5.0 mA ^ Iq ^ 1.0A 



0.5 

No 

Noise 

T a = 25°C, 10Hz^f^100 kHz 


8.0 

40 

juV/Vq 

AV|/AV 0 

Ripple Rejection 

f = 2400 Hz, l 0 = 350 mA, Tj = 25°C 

59 

69 


dB 

VdO 

Dropout Voltage 

l 0 = 1.0A, Tj = 25°C 


2.0 


V 

Ro 

Output Resistance 

f = 1.0 kHz 


22 


mfl 

los 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 


0.75 


A 

Ipk 

Peak Output Current 

Tj = 25°C 

1.3 

2.2 

3.3 

A 

AVq/AT 

Average Temperature 
Coefficient of Output Voltage 

Iq = 5.0 mA 

— 55°C ^ T a ^ +25°C 



0.4 

mV/°C/ 

Vo 

+ 25°C <; T a ^ + 125°C 



0.3 


LM7818C 

Electrical Characteristics 

0°C ^ Ta ^ + 1 25°C, V| = 27V, Iq = 500 mA, C| = 0.33 juF, Cq = 0.1 juF, unless otherwise specified. 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25° C 

17.3 

18.0 

18.7 

V 

Vr LINE 

Line Regulation 

Tj = 25°C 

21V £ V| <; 33V 


15 

360 

mV 

24V ^ V| ^ 30V 


5.0 

180 

Vr LOAD 

Load Regulation 

Tj = 25°C 

5.0 mA ^ lo ^ 1.5A 


12 

360 

mV 

250 mA ^ Iq ^ 750 mA 


4.0 

180 

v 0 

Output Voltage 

21V <: V| <; 33V, 5.0 mA £ l 0 <: 1.0A, P <; 15W 

17.1 


18.9 

V 

Iq 

Quiescent Current 

Tj = 25°C 


4.5 

8.0 

mA 
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LM7800 Series 


LM7818C 

Electrical Characteristics (Continued) 


0°C ^ Ta ^ + 1 25°C, V| = 27V, Ip = 500 mA, C| = 0.33 jaF, Cp = 0.1 jaF, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

AIq 

Quiescent Current 
Change 

With Line 

21V <: V| ^ 33V 



1.0 

mA 

With Load 

5.0 mA ^ Iq ^ 1.0A 



0.5 

N 0 

Noise 

T a = 25°C, lOHz^f ^ 100 kHz 


110 


,xV 

AV|/AVq 

Ripple Rejection 

f = 2400 Hz, l 0 = 350 mA, Tj = 25°C 

53 

69 


dB 

Vdo 

Dropout Voltage 

l 0 = 1 -OA, Tj = 25°C 


2.0 


V 

R 0 

Output Resistance 

f = 1.0 kHz 


22 


mfl 

>os 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 


200 


mA 

Ipk 

Peak Output Current 

Tj = 25°C 


2.1 


A 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


1.0 


mV/°C 


LM7824 

Electrical Characteristics 

— 55°C ^ Ta ^ + 1 25°C, V| = 33V, Iq = 500 mA, C| = 0.33 jaF, Cq = 0.1 jutF, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

23.0 

24.0 

25.0 

V 

Vr line 

Line Regulation 

Tj = 25°C 

27V ^ V| ^ 38V 


18 

240 

mV 

30V ^ V| ^ 36V 


6.0 

120 

Vr LOAD 

Load Regulation 

Tj = 25°C 

5.0 mA ^ Iq ^ 1.5A 


12 

240 

mV 

250 mA ^ Iq ^ 750 mA 


4.0 

120 

v 0 

Output Voltage 

28V <; V! <; 38V, 5.0 mA <; Iq <; 1 .0A, P <; 15W 

22.8 


25.2 

V 

>Q 

Quiescent Current 

Tj = 25°C 


4.6 

6.0 

mA 

AIq 

Quiescent Current 
Change 

With Line 

28V ^ V| ^ 38V 



0.8 

mA 

With Load 

5.0 mA <: Iq ^ 1 .0A 



0.5 

N 0 

Noise 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 


8.0 

40 

juA//V 0 

AV|/AV 0 

Ripple Rejection 

f = 2400 Hz, l 0 = 350 mA, Tj = 25°C 

56 

66 


dB 

Vdo 

Dropout Voltage 

l 0 = 1.0A, Tj = 25°C 


2.0 

2.5 

V 

Ro 

Output Resistance 

f = 1.0 kHz 


28 


mfl 

los 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 


0.75 

1.2 

A 

Ipk 

Peak Output Current 

Tj = 25°C 

1.3 

2.2 

3.3 

A 

AVq/AT 

Average Temperature 
Coefficient of Output Voltage 

Iq = 5.0 mA 

-55°C<;Ta^ +25°C 



0.4 

mV/°C/ 

Vo 

+ 25°C<;T a <£ + 1 25°C 



0.3 


LM7824C 

Electrical Characteristics 

0°C ^ Ta ^ +125°C, V| = 33V, Ip = 500 mA, C\ = 0.33 jaF, Cp = 0.1 jaF, unless otherwise specified 


Symbol 

Characteristics 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

23.0 

24.0 

25.0 

V 

Vr line 

Line Regulation 

Tj = 25°C 

27V ^ V| ^ 38V 


18 

480 

mV 

30V <; V| ^ 36V 


6.0 

240 

Vr LOAD 

Load Regulation 

Tj = 25°C 

5.0 mA ^ Iq ^ 1.5A 


12 

480 

mV 

250 mA ^ Iq ^ 750 mA 


4.0 

240 

v 0 

Output Voltage 

27V ^ V| <; 38V, 5.0 mA ^ l 0 <; 1.0A, P ^ 15W 

22.8 


25.2 

V 

Iq 

Quiescent Current 

Tj = 25°C 


4.6 

8.0 

mA 
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LM7824C 

Electrical Characteristics (Continued) 


0°C ^ Ta ^ + 125°C, V| = 33V, Ip = 500 mA, C| = 0.33 jaF, Cq = 0.1 p.F, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

AIq 

Quiescent Current 

With Line 

27 V ^ V| ^ 38V 



1.0 

mA 


Change 

With Load 

5.0 mA ^ lo ^ 1.0A 



0.5 

N 0 

Noise 

T a = 25°C,10Hz<;f <; 100 kHz 


170 


l*v 

AV|/AV 0 

Ripple Rejection 


50 

66 


dB 

Vdo 

Dropout Voltage 

l 0 = I.OA.Tj = 25°C 


2.0 


V 

Ro 

Output Resistance 

f = 1.0 kHz 


28 


mft 

los 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 


150 


mA 

Ipk 

Peak Output Current 

Tj = 25°C 


2.1 


A 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


1.5 


mV/°C 


Note 1: For all tables, all characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw ^ 10 ms, duty cycle ^ 5%). 
Output voltage changes due to changes in internal temperature must be taken into account separately. 


Equivalent Circuit 
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Typical Performance Characteristics 


Worst Case Power Dissipation vs 
Ambient Temperature (TO-3) 



25 50 75 100 125 150 

AMBIENT TEMPERATURE - °C 


Worst Case Power Dissipation vs 
Ambient Temperature (TQ-220) 



25 50 75 100 125 150 

AMBIENT TEMPERATURE - °C 


Peak Output Current vs 
Input/Output 
Voltage Differential 



0 5.0 10 15 20 25 30 

INPUT/OUTPUT DIFFERENTIAL - V 


Output Voltage vs 
Junction Temperature 


Current-Limiting 

Characteristics 


Dropout Voltage vs 
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LM7800 Series 


Design Considerations 

The LM7800 fixed voltage regulator series has thermal 
overload protection from excessive power dissipation, inter- 
nal short circuit protection which limits the regulator’s maxi- 
mum current, and output transistor safe-area compensation 
for reducing the output current as the voltage across the 
pass transistor is increased. 

Although the internal power dissipation is limited, the junc- 
tion temperature must be kept below the maximum speci- 
fied temperature (150°C for LM7800, 125°C for LM7800C) in 
order to meet data sheet specifications. To calculate the 
maximum junction temperature or heat sink required, the 
following thermal resistance values should be used: 




Max 0jc 
°C/W 

Typ 0j A 
°C/W 



3.5 

5.5 

35 

40 


3.0 

5.0 

40 

60 


Typical Applications 


Fixed Output Regulator 



Note 1: To specify an output voltage, substitute voltage value for “00". 
Note 2: Bypass capacitors are recommended for optimum stability and tran- 
sient response, and should be located as close as possible to the regulator. 


Pd Max = 


Tj Max ~ T A 
0JC + 0CA 


or 


= — 7 —— (without heat sink) 

0JA 

#CA = #CS + 0SA 
Solving for Tj: 

T J = T a + Pd (0jc + #ca) or 
= Ta + Pd^ja (without heat sink) 

Where: 

Tj = Junction Temperature 
Ta = Ambient Temperature 
Pd = Power Dissipation 
0jc = Junction-to-Case Thermal Resistance 
0CA = Case-to-Ambient Thermal Resistance 
0CS = Case-to-Heat Sink to Thermal Resistance 
0SA = Heat Sink-to-Ambient Thermal Resistance 
0ja = Junction-to-Ambient Thermal Resistance 


High Input Voltage Circuits 


0.33 

(NOTE 2) 


TL/H/1 0052-8 




High Current Voltage Regulator 
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LM7800 Series 






LM78G/LM79G 



National 

Semiconductor 


LM78G/LM79G 

4-Terminal Adjustable Voltage Regulators 


General Description 

The LM78G and LM79G are 4-terminal adjustable voltage 
regulators. They are designed to deliver continuous load 
currents of up to 1.0A with a maximum input voltage of 
+ 40V for the positive regulator LM78G and -40V for the 
negative regulator LM79G. Output current capability can be 
increased to greater than 1 .0A through use of one or more 
external transistors. The output voltage range of the LM78G 
positive voltage regulator is + 5V to + 30V and the output 
voltage range of the negative LM79G is -30V to -2.55V. 
For systems requiring both a positive and negative, the 
LM78G and LM79G are excellent for use as a dual tracking 
regulator with appropriate external circuitry. 


Features 

■ Output current in excess of 1A 

■ LM78G positive output + 5V to + 30V 

■ LM79G negative output -30V to -2.55V 

■ Internal thermal overload protection 

■ Internal short circuit protection 

■ Output transistor safe-area protection 


Connection Diagrams 



TL/H/1 0054-1 


Top View 

Heat sink tabs connected to common through device substrate. 



TL/H/1 0054-2 

Top View 

Heat sink tabs connected to input through device substrate. Not recom- 
mended for direct electrical connection. 


Order Number LM78GCP or LM79GCP 
See NS Package Number P04A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature Range -65°C to + 1 50°C 

Operating Junction 

Temperature Range 0°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 265°C 


Power Dissipation 
Input Voltage 
LM78G 
LM79G 

Control Lead Voltage 
LM78G 
LM79G 


Internally Limited 

+ 40V 
-40 V 


0V ^ V+ <: V 0 

v 0 - <; v- ^ ov 


LM78G 

Electrical Characteristics 

0°C ^ Ta ^ 125°C, C| = 0.33 ju,F, Cq = 0.1 jaF, V| = 10V, Iq = 500 mA, Test Circuit 1, unless otherwise specified 


Symbol 

Parameter 

Conditions (Notes 1, 3) 

Min 

Typ 

Max 

Units 

V|R 

Input Voltage Range 

Tj = 25°C 

7.5 


40 

V 

VoR 

Output Voltage Range 

V| = V 0 + 5.0V 

5.0 


30 

V 

v 0 

Output Voltage 
Tolerance 

(V 0 + 3.0V) ^ V, <; (V 0 + 15V), 

5.0 mA ^ lo ^ 1 -0A 

P D <; 15W,V| Max = 38V 

Tj = 25°C 



4.0 

% v 0 




5.0 

Vo LINE 

Line Regulation 

Tj = 25°C, v 0 <; 10V 

(V 0 + 2.5V) ^ V| <; (V 0 + 20V) 



1.0 

% V 0 

v O LOAD 

Load Regulation 

Tj = 25°C, 

V| <; V 0 + 5.0V 

250 mA ^ Iq ^ 750 mA 



1.0 

%v 0 

5.0 mA ^ Iq ^ 1.5A 



2.0 

•c 

Control Lead Current 

Tj = 25°C 


1.0 

5.0 

juA 




8.0 

Iq 

Quiescent Current 

Tj = 25°C 


3.2 

6.0 

mA 




7.0 

AV|/AVq 

Ripple Rejection 

8.0V ^ V| <; 18V, f = 2400 Hz, 

V 0 = 5.0V, l c = 350 mA 

68 

78 


dB 

N 0 

Noise 

Tj = 25°C, 10 Hz < f < 100 kHz, 

Vq = 5.0V, l 0 = 5.0 mA 


8.0 

40 

juV/Vo 

Vdo 

Dropout Voltage 
(Note 2) 



2.0 

2.5 

V 

•os 

Output Short 

Circuit Current 

Tj = 25°C, V| = 30V 


0.750 

1.2 

A 

Ipk 

Peak Output Current 

Tj = 25°C 

1.3 

2.2 

3.3 

A 

AVq/AT 

Average Temperature 
Coefficient of Output 
Voltage 

V 0 = 5.0V, 

Iq = 5.0 mA 

T A = -55°Cto +25°C 



0.4 

mV/°C/V 0 

T a = 25°Cto +125°C 



0.3 

Vc 

Control Lead Voltage 
(Reference) 

Tj = 25°C 

4.8 

5.0 

5.2 

V 


4.75 


5.25 


Note 1: V 0 is defined for the LM78G as V 0 = R1 R ^ R2 (5.0); 

Note 2: Dropout Voltage is defined as that input/output voltage differential which causes the output voltage to decrease by 5% of its initial value. 


Note 3: All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w £ 10 ms, duty cycle £ 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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LM78G/LM79G 


LM79G 

Electrical Characteristics o°c <; t a s i 25°c tor lm 79 g, vi = - 1 ov, i 0 = 500 mA, C| = 2.0 ^f, 


C o = 0.1 jmF, Test Circuit 2 and Note 3, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

V|R 


Tj = 25°C 

-40 


-7.0 

V 

VoR 

Nominal Output 
Voltage Range 

V| = V 0 — 5.0V 

m 




Vo 

Output Voltage 
Tolerance 

(V 0 - 15V) <; V| <; (V 0 - 3.0V), 

5.0 mA <: l 0 £ 1.0A 
P D £15W,V|Max= -3.8V 

Tj = 25°C 



g 






Vo LINE 

Line Regulation 

Tj = 25°C,V 0 ;> -10V 
(V 0 - 20V) ^ V| ^ (V 0 - 2.5V) 



1.0 

%V 0 

Vo LOAD 

Load Regulation 

Tj = 25°C, 

V, = V 0 = —5.0 V 

250 mA ^ Iq ^ 750 mA 



1.0 

%V 0 

5.0 mA <; l 0 £ 1.5A 



2.0 

ic 

Control Lead Current 

Tj = 25°C 


0.4 

2.0 

fxA 




3.0 

|q 

Quiescent Current 

Tj = 25°C 




mA 




8.0 

AV|/AV 0 

Ripple Rejection 

V 0 = -8.0V, V| = -13V, f = 2400 Hz, 

Ic = 350 mA 

50 



dB 

N 0 

Noise 



m 


jaV/Vo 


Dropout Voltage 
(Note 2) 


■ 

m 


V 





m 

I 

A 


Peak Output Current 

Tj = 25°C 

1.3 

2.1 


A 

AV 0 /AT 

Average Temperature 
Coefficient of Output 
Voltage 

V 0 = -5.0V, 
lo — 5.0 mA 

T a = — 55°C to +25°C 




mV/°C/V 0 

T a = 25°C to 1 25°C 


■ 


Vc 

Control Lead Voltage 
(Reference) 

Tj = 25°C 

-2.65 

-2.55 

-2.45 

V 


-2.68 


-2.43 


p*| P2 

Note 1: V 0 is defined for the LM79G as V 0 = — — — (-2.55). 


Note 2: Dropout Voltage is defined as that input/output voltage differential which causes the output voltage to decrease by 5% of its initial value. 

Note 3: The convention for negative regulators is the algebraic value, thus -15V is less than -10V. 

Note 4: All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w £ 10 ms, duty cycle £ 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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LM78G/LM79G 
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Typical Performance Curves for LM78G 


Peak Output Current vs 
Input/Output Differential Voltage 


Quiescent Current vs 
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LM78G/LM79G 


Typical Performance Curves for LM79G 
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Test Circuits 

LM78G Test Circuit 1 



Vcont Nominal = 5.0V 

LM79G Test Circuit 2 



Vcont Nominal = -2.55V 
Recommended R2 current ~ 1.0 mA 
R2 = 5.0 kft (LM78G) 

R2 = 2.55 kSl (LM79G) 

Design Considerations 

The LM78G and LM79G Adjustable Voltage Regulators 
have an output voltage which varies from Vcont to typically 

R 1 Rp 

v, - 2.ov by v 0 = Vcont R2 

The nominal reference in the LM78G is 5.0V and LM79G is 
-2.55V. If we allow 1.0 mA to flow in the control string to 
eliminate bias current effects, we can make R2 = 5.0 kfl in 
the LM78G. Then, the output voltage is; Vq = (R1 + R2)V, 
where R1 and R2 are in kfls. 

Example: If R2 = 5.0 kfl and R1 = 10 ka then 
Vq = 15V nominal, for the LM78G 
R2 = 2.55 ka and R1 = 12.8 ka then 
Vq = -15.35 nominal, for the LM79G 
By proper wiring of the feedback resistors, load regulation of 
the device can be improved significantly. 

Both LM78G and LM79G regulators have thermal overload 
protection from excessive power, internal short circuit pro- 
tection which limits each circuit’s maximum current, and out- 


put transistor safe-area protection for reducing the output 
current as the voltage across each pass transistor is in- 
creased. 

Although the internal power dissipation is limited, the junc- 
tion temperature must be kept below the maximum speci- 
fied temperature in order to meet data sheet specifications. 
To calculate the maximum junction temperature or heat sink 
required, the following thermal resistance values should be 
used: 



Typ 

°C/W 

Max 

°C/W 

Typ 

°C/W 

Max 

°C/W 

Package 

0JC 

0JC 

0JA 

^JA 

Power Watt 

7.5 

11 

75 

80 


Pd Max = 


T J Max ~ Ta Qr 
0JC + #CA 


= Tj M ^ x — — (without a heat sink) 

0JA 

0CA = 0CS + 0sA 
Solving for Tj: 

Tj = T a + Pd(0jc + #ca) or 
= Ta + Pd#ja (without heat sink) 

Where: 

Tj = Junction Temperature 

Ta = Ambient Temperature 

Pq = Power Dissipation 

0ja = Junctiuon to Ambient Thermal Resistance 

0jc = Junction to Case Thermal Resistance 

0CA = Case t0 Ambient Thermal Resistance 

0cs = Case t0 Heat Sink Resistance 

0SA = Heat Sink to Ambient Thermal Resistance 



LM78G and LM79G 
Power Tab (U1) Package 
Worst Case Power Dissipation 
vs Ambient Temperature 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


TL/H/1 0054-11 
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Typical Applications for LM78G 

Bypassing of the input and output (0.33 /xF and 0.1 jllF, 
respectively) is necessary. 

Basic Positive Regulator 


Positive High Current Short 
Circuit, Protected Regulator 


OUT 

LM78G 

IN 

CONTROL 

COMMON 


TL/H/ 10054- 12 


'(= 8 =) 


Positive 5.0V to 30 V 
Adjustable Regulator 


OUT 

LM78G 

IN 

CONTROL 

COMMON 


Positive 5.0V to 30V 
Adjustable Regulator 

(l 0 > 5.0A) (Note 1) 

I > 4.0A — »- 
”"\ Q1 /2N6124 



± 10V, 1.0A, Dual Tracking 
Regulator (Note 2) 



-10V 

TL/H/1 0054-1 6 


Positive High Current, Short 
Circuit Protected Regulator 


3a 

32V— 4-avv 
I at 220 mA — * 


OUT 

LM78G 

IN 

CONTROL 

COMMON 


— +V 0 





IN OUT 

”0.1 


LM78G 


0.33 

CONTROL 



COMMON 


FT3055 

EQUIVALENT 


IT Q2J 


2N6121 OR l 
EQUIVALENT §R1 


TL/H/1 0054- 17 

Note 1: External series pass device is not short circuit protected. 

Note 2: If load is not ground referenced, connect reverse biased diodes from 
outputs to ground. 





Typical Applications for LM79G 

All LM78G applications apply to the LM79G under the following conditions: R2 values are 2.5 kH, all external transistors and 
diodes reverse polarity. 


-30V to -2.5V 
Adjustable Regulator 



Basic Negative Regulator 



Negative High Current Short 
Circuit Protected Regulator 

R sc 



TL/H/1 0054-20 


Adjustable Dual Tracking Regulator 



TL/H/10054-21 


*Rx = Parallel combination of 

(R1 + PI) and (R2 + P2). 


Applications Hints 

Bypass capacitors are recommended for stable operation of 
the LM79G series of regulators over the input voltage and 
output current ranges. Output bypass capacitors will im- 
prove the transient response of the regulator. 


Negative High Current Voltage 
Regulator External Series Pass 



The bypass capacitors (2 ju,F on the input, 1 ju,F on the out- 
put), should be ceramic or solid tantalum which have good 
high frequency characteristics. If aluminum electrolytics are 
used, their values should be 10 jaF or larger. The bypass 
capacitors should be mounted with the shortest leads, and if 
possible, directly across the regulator terminals. 
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LM78LXX 


National 
Semiconductor 

LM78LXX Series 3-Terminal 

General Description 

The LM78LXX series of three terminal positive regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. When used as a ze- 
ner diode/ resistor combination replacement, the LM78LXX 
usually results in an effective output impedance improve- 
ment of two orders of magnitude, and lower quiescent cur- 
rent. These regulators can provide local on card regulation, 
eliminating the distribution problems associated with single 
point regulation. The voltages available allow the LM78LXX 
to be used in logic systems, instrumentation, HiFi, and other 
solid state electronic equipment. Although designed primari- 
ly as fixed voltage regulators these devices can be used 
with external components to obtain adjustment voltages 
and currents. 

The LM78LXX is available in the metal three lead TO-39(H) 
the plastic TO-92 (Z), and SO-8 plastic. With adequate heat 
sinking the regulator can deliver 100 mA output current. 
Current limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transistors 
is provided to limit internal power dissipation. If internal pow- 
er dissipation becomes too high for the heat sinking provid- 
ed, the thermal shutdown circuit takes over preventing the 
1C from overheating. 


Positive Regulators 


For output voltage other than 5V, 12V and 15V the LM1 17L 
series provides an output voltage range from 1 .2V to 37V. 

Features 

■ Output voltage tolerances of ±5% (LM78LXXAC) over 
the temperature range 

■ Output current of 100 mA 

■ Internal thermal overload protection 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-92 and metal TO-39 and plastic 
SO-8 low profile packages 


Voltage Range 

LM78L05 

5V 

LM78L12 

12V 

LM78L15 

15V 



Connection Diagrams 


Metal Can Package 



TL/H/7744-1 

Bottom View 


Order Number LM78L05ACH, 
LM78L12ACH or LM78L15ACH 
See NS Package Number H03A 


SO-8 Plastic 
(Narrow Body) 


V 0UT“ 

~ er 

i« 

8 

GND — 

2 

7 

GND — 

3 

6 

NC- 

4 

5 


TL/H/7744-2 

Top View 

Order Number LM78L05ACM, 
LM78L12ACM or LM78L15ACM 
See NS Package Number M08A 


Plastic Package 



TL/H/7744-3 

Bottom View 

Order Number LM78L05ACZ, 
LM78L12ACZ or LM78L15ACZ 
See NS Package Number Z03A 
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Absolute Maximum Ratings 

If Milltary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

V 0 = 5V 30V 

V 0 = 1 2V to 1 5 V 35V 

Internal Power Dissipation (Note 1) Internally Limited 


Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Metal Can (H Package) 

Molded TO-92 (Z Package) 

Lead Temperature (Soldering, 10 sec.) 
ESD Tolerance (Note 5) 


0°Cto +70°C 
125°C 

— 65°C to + 1 50°C 
— 55°C to + 1 50°C 
260°C 
2000V 


LM78LXXAC Electrical Characteristics 

(Note 2) Tj = 0°C to 125°C, Iq = 40 mA, C|n = 0.33 juF, Cq = 0.1 juF (unless noted) 


LM78LXXAC Output Voltage 

5V 

12V 

15V 


Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 

Symbol 

Parameter 

Conditions 


Pi 

U2SS 




Min 

1 T yp 

Max 


Vo 

Output Voltage 

Tj = 25° C 

4.8 

■a 

m 

11.5 

12 

12.5 

14.4 

15 

15.6 

V 


(Note 4) 

1 mA ^ Iq ^ 70 mA 

QH 



11.4 


12.6 

14.25 


15.75 

V 



1 mA £ lo ^ 40 mA and 

1H! 


i 3 

11.4 


12.6 

14.25 


15.75 

V 



Vmin ^ V| N £ v M ax . 


(14.5 £ V| N £ 27) | 

| (17.5 £ V| N £ 30) | 

V 

AV 0 

Line Regulation 

Tj = 25°C 


10 

54 


20 

110 


25 

140 

mV 




(8 £ V| N £ 20) 

(16£V, N £27) 

(20 £ V| N £ 30) 

V 





18 

75 

. 

30 

180 


37 

250 

mV 




| (7 £ V, N £ 20) | 

| (14.5 £ V| N £ 27) | 

| (17.5 £ V| N £ 30) | 

V 

AV 0 

Load Regulation 

Tj = 25°C, 

1 mA £ lo ^ 40 mA 


5 

30 


10 

50 


12 

75 

mV 



Tj = 25°C, 

1 mA £ lo ^ 100 mA 


20 

60 


30 

100 


35 

150 

mV 

AV 0 

Long Term 

Stability 


12 

24 

30 

mV/ 1000 hrs 

Iq 

Quiescent Current 

Tj = 25°C 


3 

5 


3 

5 


3.1 

5 

mA 



Tj = 125°C 



4.7 



4.7 



4.7 


AIq 

Quiescent Current 

1 mA £ Iq ^ 40 mA 

0.1 

0.1 

0.1 

mA 


Change 

Vmin ^ V| N £ Vmax 



1.0 



1.0 



1.0 

mA 




(8 £ V, N £ 20) 

(16 £ Vjn £ 27) 

(20 £ V| N £ 30) 

V 

Vn 

Output Noise 
Voltage 

Tj = 25°C, (Note 3) 
f = 10 Hz- 10 kHz 

40 

80 

90 

J“V 

AVin 

Ripple Rejection 

f = 120 Hz 

47 

62 


40 

54 


37 

51 


dB 

AVquT 



(8£V iN £16) 

(15 £ V iN £ 25) 

(18.5 £ V| N £ 28.5) 

V 


Input Voltage 
Required to 
Maintain Line 
Regulation 

Tj = 25° C 

7 

14.5 

17.5 

V 


Note 1: Thermal resistance of H package is typically 26°C/W 0j C still Air, and 94°C/W 0j a 400 ft/min of air. For the Z package is 60°C/W 0j C , 232°C/W 0j a still air, 
and 88°C/W 0j a at 400 ft/min of air. For the M package, 0j a is 180°C/W in still air. The maximum junction temperature shall not exceed 125°C on Electrical 
parameters. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 
above represent pulse test conditions with junction temperatures as indicated at the initiation of test. 

Note 3: Recommended minimum load capacitance of 0.01 n F to limit high frequency noise bandwidth. 

Note 4: The temperature coefficient of Vout is typically within ±0.01 % Vo/°C. 

Note 5: Human body model, 1.5 kfi in series with 100 pF. 
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LM78LXX 


Typical Performance Characteristics 



Maximum Average Power 
Dissipation (Plastic Package) 


= 

eeee 

— 



— 

— 

— 

— 

— 











0.125" 

LEAD L 

ENGTH 



FROM PC BOARD 

WITH 72*C/W HEAT SIN 

K 


0.4" LEAD LEN 
FROM PC BOAF 
FREE AIR 

1 




D 

/ 


0.125" 

-EAD LENGTH 

C BOARD 

IR 

FROM F 
FREE A 


0 15 30 45 60 75 


AMBIENT TEMPERATURE (°C) 


Maximum Average Power 
Dissipation (Metai Can 
Package) 



Dropout Voltage 



0 25 50 75 100 125 


Ripple Rejection 



10 100 Ik 10k 100k 


JUNCTION TEMPERATURE <°C) 


FREQUENCY (Hz) 


Peak Output Current 



0 5 10 15 20 25 30 

INPUT OUTPUT DIFFERENTIAL (V) 

TL/H/7744-4 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 

TL/H/7744-5 


Quiescent Current 



INPUT VOLTAGE (V) 


Quiescent Current 



0 25 50 75 1 00 125 150 

JUNCTION TEMPERATURE (»C) 

TL/H/7744-6 
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Equivalent Circuit 

LM78LXX 



Typical Applications 


Fixed Output Regulator 



'Required if the regulator is located far from the power supply filter. 
"See Note 3 in the electrical characteristics table. 


Adjustable Output Regulator 



V 0 UT = 5V + (5V/R1 + Iq) R2 

5V/R1 > 3 Iq, load regulation (L r ) « [(R1 + R2)/R1] (L r of LM78L05) 
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Typical Applications (Continued) 


Current Regulator 



•out 

•OUT = (V 23 /R1) + Iq TL/H/7744-10 

> Iq = 1.5 mA over line and load changes 


5V, 500 mA Regulator with Short Circuit Protection 



•Solid tantalum. 

•Heat sink Q1. TL/H/7744-11 

'•Optional: Improves ripple rejection and transient response. 

Load Regulation: 0.6% 0 £ II £ 250 mA pulsed with tQN = 50 ms. 



Variable Output Regulator 0.5V-18V 



•Solid tantalum. 

VoUT = Vq + 5V, R1 = ( — V| N /Iq LM 78 L 05 ) 

Vout = 5V (R2/R4) for (R2 + R3) = (R4 + R5) 

A 0.5V output will correspond to (R2/R4) = 0.1 (R3/R4) = 0.9 


TL/H/7744-13 






National 

Semiconductor 


LM78L00 Series 

3-Terminal Positive Voltage Regulators 


General Description 

The LM78L00 series of 3-terminal positive voltage regula- 
tors employ internal current-limiting and thermal shutdown, 
making them essentially indestructible. If adequate heat 
sinking is provided, they can deliver up to 100 mA output 
current. They are intended as fixed voltage regulators in a 
wide range of applications including local (on-card) regula- 
tion for elimination of noise and distribution problems asso- 
ciated with single-point regulation. In addition, they can be 
used with power pass elements to make high current volt- 
age regulators. The LM78L00, used as a Zener diode/resis- 
tor combination replacement, offers an effective output im- 
pedance improvement of typically two orders of magnitude, 
along with lower quiescent current and lower noise. 


Features 

■ Output current up to 100 mA 

■ No external components 

■ Internal thermal overload protection 

■ Internal short circuit current-limiting 

■ Available in JEDEC TO-92 

■ Output Voltages of 5.0V, 6.2V, 8.2V, 9.0V, 12V, 15V 

■ Output voltage tolerances of ±5% over the 
temperature range 


Connection Diagram 



Top View 


TL/H/10051-1 


Order Number LM78L05ACZ, LM78L09ACZ, 
LM78L12ACZ, LM78L15ACZ, LM78L62ACZ or LM78L82ACZ 
See NS Package Number Z03A 
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LM78L00 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage T emperature Range - 65°C to + 1 50°C 

Operation Junction Temperature Range 
Commercial (LM78L00AC) 0°C to + 1 25°C 


Lead Temperature 
TO-92 Package/SO-8 
(Soldering, 10 sec.) 
Power Dissipation 
Input Voltage 
5.0V to 15V 
ESD Susceptibility 


265°C 
Internally Limited 

35V 

to be determined 


LM78L05AC 

Electrical Characteristics 

0°C ^ Ta ^ + 1 25°C, V| = 10V, Iq = 40 mA, C| = 0.33 juF, Cq = 0.1 jaF, unless otherwise specified (Note 1) 

Symbol Parameter Conditions Min 


Vo 

Output Voltage 

Tj = 25°C 

Vr line 

Line Regulation 

Tj = 25°C 

7.0V ^ V| ^ 20V 

8.0V ^ V| <; 20V 


Vr load Load Regulation 


Output Voltage 
(Note 2) 


Iq Quiescent Current 


AIq Quiescent Current With Line 

Change with Load 


Nq Noise 


AV|/AVq Ripple Rejection 


Vqo Dropout Voltage 


Ipk/los Peak Output/Output 
Short Circuit Current 


AVo/AT Average Temperature 

Coefficient of Output Voltage 


Tj = 25°C 


7.0V £ V| <: 20V 
7.0V £ V, £ V Max 


1.0 mA £ l 0 <£ 100V 
1.0 mA ^ Iq ^ 40 mA 


1 .0 mA ^ lo ^ 40 mA 
1 .0 mA £ Iq ^ 70 mA 


8.0V £ V| ^ 20 V 


1.0 mA £ Iq £ 40 mA 


T a = 25°C, lOHz^f <; 100 kHz 


f = 120 Hz, 8.0V £ V| £ 18V, Tj = 25°C 


Tj = 25°C 


Tj = 25°C 


Iq = 5.0 mA 



Note 1: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 
above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 

Note 2: Power Dissipation £ 0.75W. 
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LM78L62AC 

Electrical Characteristics 

0°C ^ Ta ^ + 1 25°C, V| = 12V, Iq = 40 mA, C| = 0.33 jutF, Cq = 0.1 /xF, unless otherwise specified (Note 1) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25° C 

5.95 

6.2 

6.45 

V 

Vr line 

Line Regulation 

Tj = 25° C 

8.5V £ V| £ 20V 


65 

mm 

mV 

9.0V £ V| £ 20V 




Vr load 

Load Regulation 

Tj = 25°C 

1.0 mA £ Iq £ 100 mA 


mm 


mV 

1.0 mA ^ lo ^ 40 mA 


IP 

■ 

Vo 

Output Voltage 
(Note 2) 

8.5V <; V| <; 20V 

1 .0 mA ^ lo ^ 40 mA 




V 

8.5V ^ V, ^ V M ax 

1 .0 mA ^ Iq ^ 70 mA 




Iq 

Quiescent Current 



2.0 


mA 

AIq 

Quiescent Current 
Change 

With Line 

8.ov <; V| <; 20V 



1.5 

mA 

With Load 

1.0 mA £ Iq £ 40 mA 



0.1 

No 

Noise 

T a = 25°C, lOHz^f £ 100 kHz 


50 


J*v 

AV|/AV 0 

Ripple Rejection 

f = 120 Hz, 10V <; V| <; 20 V, Tj = 25°C 

40 

46 


dB 

VdO 

Dropout Voltage 

Tj = 25°C 


1.7 


V 

Ipk/los 

Peak Output/Output 

Short Circuit Current 

Tj = 25°C 


140 



AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 



1 

mV/°C 


LM78L82AC 

Electrical Characteristics 

0°C ^ Ta ^ + 1 25°C, V| = 14V, Iq = 40 mA, C| = 0.33 jmF, Cq = 0.1 juF, unless otherwise specified (Note 1) 


Symbol 

Parameter 

Conditions 



Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

7.87 

8.2 

8.53 

V 

Vr line 

Line Regulation 

Tj = 25°C 

11V £ V t £ 23V 


80 

175 

mV 

12V <; V| <; 23V 


70 

125 

Vr LOAD 

Load Regulation 

Tj = 25°C 

1.0 mA £ lo £ 100 mA 


15 

80 

mA 

1 .0 mA £ lo £ 40 mA 


8.0 

40 

Vo 

Output Voltage 
(Note 2) 

11V <^V|<: 23V 

1 .0 mA £ lo £ 40 mA 



8.5 

V 

11V ^ v, <;v M ax 

1.0 mA ^ Iq ^ 70 mA 

7.8 



Iq 

Quiescent Current 



2.1 

5.5 

mA 

AIq 

Quiescent Current 
Change 

With Line 

12V £ V| ^ 23V 




mA 

With Load 

1.0 mA £ Iq £ 40 mA 




N 0 

Noise 

T a = 25°C, lOHz^f ^ 100 kHz 


60 


MV 

AV|/AV 0 

Ripple Rejection 

f = 120 Hz, 12V <: V| ^ 22 V, Tj = 25°C 

39 

45 


dB 

Vdo 

Dropout Voltage 

Tj = 25°C 


1.7 


V 

lpk/l0S 

Peak Output/Output 

Short Circuit Current 

Tj = 25°C 


140 


mA 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


-0.8 

■ 



Note 1: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 
above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 

Note 2: Power Dissipation £ 0.75W. 
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LM78L09AC 

Electrical Characteristics 

0°C ^ Ta ^ + 125°C, V| = 15V, Iq = 40 mA, C| = 0.33 jaF, Cq = 0.1 fxF, unless otherwise specified (Note 1) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

8.64 

9.0 

9.36 

V 

Vr LINE 

Line Regulation 

Tj = 25°C 

11.5V ^ V| ^ 24V 


90 

200 

mV 

13V ^ V| ^ 24V 


100 

150 

Vr load 

Load Regulation 

Tj = 25°C 

1 .0 mA ^ lo ^ 1 00 mA 


20 

90 

mV 

1 .0 mA ^ Iq ^ 40 mA 


10 

45 

Vo 

Output Voltage 
(Note 2) 

11.5V <JV|£ 24V 

1 .0 mA ^ Iq ^ 40 mA 

8.55 


9.45 

V 

11.5V£V|£V M ax 

1 .0 mA ^ Iq ^ 70 mA 

8.55 


9.45 

•q 

Quiescent Current 



2.1 

5.5 

mA 

AIq 

Quiescent Current 
Change 

With Line 

ii.5V <;V|<; 24V 



1.5 

mA 

With Load 

1.0 mA ^ Iq ^ 40 mA 



0.1 

No 

Noise 

T a = 25°C, lOHz^f <; 100 kHz 


70 


i*V 

AV|/AV 0 

Ripple Rejection 

f = 120 Hz, 15V <; V| <; 25V, Tj = 25°C 

38 

44 


dB 

Vdo 

Dropout Voltage 

Tj = 25°C 


1.7 


V 

Ipk/loS 

Peak Output/Output 

Short Circuit Current 

Tj = 25°C 


140 


mA 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


-0.9 


mV/°C 

LM78L12AC 

Electrical Characteristics 

0°C ^ Ta ^ + 1 25°C, V| = 19V, Iq = 40 mA, C| = 0.33 ju,F, Cq = 0.1 julF, unless otherwise specified (Note 1) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

11.5 

12 

12.5 

V 

Vr LINE 

Line Regulation 

Tj = 25°C 

14.5V <; V| <; 27V 


120 

250 

mV 

16V ^ V( ^ 27V 


100 

200 

Vr LOAD 

Load Regulation 

Tj = 25°C 

1.0 mA ^ Iq ^ 100 mA 


20 

100 

mV 

1 .0 mA ^ Iq ^ 40 mA 


10 

50 

v o 

Output Voltage 
(Note 2) 


14.5V £V|£27V 

1 .0 mA ^ Iq ^ 40 mA 

11.4 


12.6 

V 


14.5V ^V|^V M ax 

1 .0 mA <1 Iq ^ 70 mA 

11.4 


12.6 

Iq 

Quiescent Current 



2.1 

5.5 

mA 

AIq 

Quiescent Current 
Change 

With Line 

16V <; V| <; 27V 



1.5 

mA 

With Load 

1 .0 mA ^ Iq ^ 40 mA 



0.1 

N 0 

Noise 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 




l*v 

AV|/AV 0 

Ripple Rejection 

f = 120 Hz, 15V ^ V| ^ 25V, Tj = 25°C 

37 

42 


dB 

Vdo 

Dropout Voltage 

Tj = 25°C 


1.7 


V 

Ipk/los 

Peak Output/Output 

Short Circuit Current 

Tj = 25°C 


140 


mA 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


-1.0 


mV/°C 

Note 1: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 
above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 

Note 2: Power Dissipation £ 0.75W. 
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LM78L15AC 

Electrical Characteristics 

o°c + 125°C, V| = 23 V, Iq = 40 mA, C| = 0.33 juF, Cq = 0.1 juF, unless otherwise specified (Note 1) 


Symbol 

Parameter 

Conditions 

Min 



Units 

Vo 

Output Voltage 

Tj = 25°C 

14.4 

15 

15.6 

V 

Vr line 

Line Regulation 

Tj = 25°C 

17.5V ^ V, ^ 30V 


130 

300 

mV 

20V £ V| <; 30V 



250 

Vr load 

Load Regulation 

Tj = 25°C 

1.0 mA £ lo ^ 100 mA 


25 

ms 

HP 

1 .0 mA ^ Iq ^ 40 mA 



mm 

Vo 

Output Voltage 
(Note 2) 

17.5V ^ V| ^ 30V 

1.0 mA £ Iq ^ 40 mA 

14.25 




17.5V <: V, £ V Max 

1.0 mA £ Iq ^ 70 mA 

14.25 


15.75 

Iq 

Quiescent Current 





mA 

AIq 

Quiescent Current 
Change 

With Line 

20V <; V| £ 30V 




mA 

With Load 

1 .0 mA ^ lo ^ 40 mA 



0.1 

N 0 

Noise 

T A = 25°C, lOHz^f <M00kHz 




MV 

AV,/AV 0 

Ripple Rejection 

f = 120 Hz, 18.5V £ V| £ 28.5V, Tj = 25°C 

34 

39 


dB 

Vdo 

Dropout Voltage 

Tj = 25° C 


1.7 


V 

Ipk/los 

Peak Output/Output 

Short Circuit Current 

Tj = 25° C 

■ 


■ 

mA 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


-1.3 

■ 

mV/°C 


Note 1: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 
above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 

Note 2: Power Dissipation £ 0.75W. 


Equivalent Circuit 

IN 


OUT 


COMMON 

TL/H/10051-2 
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AVERAGE POWER DISSIPATION 


o 

o 




Typical Performance Characteristics 


Worst Case Power 

Dissipation vs Dropout Voltage vs 

Ambient T emperature (TO-92) Junction Temperature 



Dropout Characteristics 



AMBIENT TEMPERATURE - °C JUNCTION TEMPERATURE - °C 


INPUT VOLTAGE - V 


Quiescent Current vs 
Input Voltage 



INPUT VOLTAGE - V 


Quiescent Current vs 


1 “ 

i 

1 


Temperature 



AMBIENT TEMPERATURE - °C 


Ripple Rejection vs 
Frequency 



FREQUENCY - Hz 



TIME - ns 


TIME - ms 


Note: Other LM78L00 Series devices have similar curves. 


TL/H/10051-3 


1-304 



Design Considerations 

The LM78L series regulators have thermal overload protec- 
tion from excessive power, internal short-circuit protection 
which limits each circuit’s maximum current, and output 
transistor safe-area protection for reducing the output cur- 
rent as the voltage across each pass transistor is increased. 
Although the internal power dissipation is limited, the junc- 
tion temperature must be kept below the maximum speci- 
fied temperature (125°C) in order to meet data sheet specifi- 
cations. To calculate the maximum junction temperature or 
heat sink required, the following thermal resistance values 
should be used: 


Package 

Typ 

0JC 

Max 

0JC 

Typ 

0JA 

Max 

0JA 

TO-92 



160 

160 


Thermal Considerations 

The TO-92 molded package is capable of unusually high 
power dissipation due to the lead frame design. However, its 
thermal capabilities are generally overlooked because of a 
lack of understanding of the thermal paths from the semi- 
conductor junction to ambient temperature. While thermal 
resistance is normally specified for the device mounted 
1 cm above an infinite heat sink, very little has been men- 
tioned of the options available to improve on the conserva- 
tively rated thermal capability. 

An explanation of the thermal paths of the TO-92 will allow 
the designer to determine the thermal stress he is applying 
in any given application. 

The TO-92 Package 

The TO-92 package thermal paths are complex. In addition 
to the path through the molding compound to ambient tem- 
perature, there is another path through the leads, in parallel 
with the case path, to ambient temperature, as shown in 
Figure 1. 

The total thermal resistance in this model is then: 

0 _ (Ajc + 0 ca) (Ajl + Ala) m 

JA 0JC + 0CA + 0JL + 0LA 

Where: 

0jc= thermal resistance of the case between the regu- 
lator die and a point on the case directly above 
the die location. 

0CA = thermal resistance between the case and air at 
ambient temperature. 

0jl= thermal resistance from regulator die through the 
input lead to a point y 16 inch below the regulator 
case. 

0|_A= total thermal resistance of the input/output 
ground leads to ambient temperature. 

0ja = junction to ambient thermal resistance. 



FIGURE 1. TO-92 Thermal Equivalent Circuit 


Methods of Heat Sinking 

With two external thermal resistances in each leg of a paral- 
lel network available to the circuit designer as variables, he 
can choose the method of heat sinking most applicable to 
his particular situation. To demonstrate, consider the effect 
of placing a small 72 °C/W flag type heat sink, such as the 
Staver F1-7D-2, on the LM78L00 molded case. The heat 
sink effectively replaces the 0qa (Figure 2) and the new 
thermal resistance, 0'ja, equals 145 °C/W (assuming, 0.125 
inch lead length). 

The net change of 1 5 °C/W increases the allowable power 
dissipation to 0.86W with a minimal inserted cost. A still 
further decrease in 0 ja could be achieved by using a heat 
sink rated at 46 °C/W, such as the Staver FS-7A. Also, if the 
case sinking does not provide an adequate reduction in total 
0ja, the other external thermal resistance, 0la> may be re- 
duced by shortening the lead length from package base to 
mounting medium. However, one point must be kept in 
mind. The lead thermal path includes a thermal resistance, 
0qa> from the leads at the mounting point to ambient, that is, 
the mounting medium. 0[_a is then equal to 0|_s + 0 sa- The 
new model is shown in Figure 2. 

In the case of a socket, 0 sa could be as high as 270 °C/W, 
thus causing a net increase in 0ja and a consequent de- 
crease in the maximum dissipation capability. Shortening 
the lead length may return the net 0ja to the original value, 
but lead sinking would not be accomplished. 

In those cases where the regulator is inserted into a copper 
clad printed circuit board, it is advantageous to have a maxi- 
mum area of copper at the entry points of the leads. While it 
would be desirable to rigorously define the effect of PC 
board copper, the real world variables are too great to allow 
anything more than a few general observations. 



1-305 


LM78L00 



Methods of Heat Sinking (Continued) 

The best analogy for PC board copper is to compare it with 
parallel resistors. Beyond some point, additional resistors 
are not significantly effective; beyond some point, additional 
copper area is not effective. 



P E (WATTS) 


FIGURE 2. TO-92 Thermal Equivalent Circuit 
(Lead at other than Ambient Temperature) 

High Dissipation Applications 


JJ 

2 

LM78L00 % 

V 0 

n 



1U 

“ C2 'l < 

> n 1 


R1 

240,0, V. 


1 1 2 
►— 1 LM78L15 I—- 


O' 1 ^ 1 0 - 30 mA > Rl 


Regulator power dissipation at maximum input voltage and 
maximum load current is now 

Pd Max = (Vi “ Vo) l|_ Max + Iq (3) 

where: 

Vi = V| Max - (iLMax + Jq) r1 
The presence of R1 will affect load regulation according to 
the equation: 

Load regulation (at constant V|) (4) 

= load regulation (at constant V-|) 

+ line regulation (mV per V) 
x (Rl) x (AIl). 

As an example, consider a 1 5V regulator with a supply volt- 
age of 30 ±5.0V, required to supply a maximum load cur- 
rent of 30 mA. Iq is 4.3 mA, and minimum load current is to 
be 1 0 mA. 

25-15-2 8 

R1 = — - -- - - = — * 240ft (5) 

30 + 4.3 34.3 

V! = 35 - (30 + 4.3) 0.24 = 35 - 8.2 = 26.8V 
PD Max = (26.8 - 1 5) 30 + 26.8 (4.3) 

= 354 + 115 

= 470 mW, which permit operation up to 
70°C in most applications. 

Line regulation of this circuit is typically 1 10 mV for an input 
range of 25V-35V at a constant load current; i.e. 1 1 mV/V. 
Load regulation = constant Vi load regulation (6) 

(typically 10 mV, 10 mA-30 mA l|_) 

+ (11 mV/V) X 0.24 X 20 mA 
(typically 53 mV) 

= 63 mV for a load current change of 
20 mA at a constant V| of 30V. 


Typical Applications 



1 LM78L00 2 


*"1 

(NOTE 1) ] 

\z C2 

0.33 mF 

3 1 

r o.i . 

(NOTE 2) L 

1 

L (NOTE 2) 


Where it is necessary to operate a LM78L00 regulator with a 
large input/output differential voltage, the addition of series 
resistor Rl will extend the output current range of the de- 
vice by sharing the total power dissipation between Rl and 
the regulator. 

R1 = V| Min — Vo — 2.0V 
<LMax + IQ 

where: 

Iq is the regulator quiescent current. 


Note 1: To specify an output voltage, substitute voltage value for “00”. 
Note 2: Bypass capacitors are recommended for optimum stability and tran- 
sient response and should be located as close as possible to the regulator. 
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National 

Semiconductor 


LM78MG/LM79MG 

4-Terminal Adjustable Voltage Regulators 


General Description 

The LM78MG and LM79MG are 4-terminal adjustable volt- 
age regulators. They are designed to deliver continuous 
load currents of up to 500 mA with a maximum input voltage 
of +40V for the positive regulator LM78MG and -40V for 
the negative regulator LM79MG. Output current capability 
can be increased to greater than 10A through use of one or 
more external transistors. The output voltage range of the 
LM78MG positive voltage regulator is 5.0V to 30V and the 
output voltage range of the negative LM79MG is -30V to 
—2.2 V. For systems requiring both a positive and negative, 
the LM78MG and LM79MG are excellent for use as a dual 
tracking regulator. 


Features 

■ Output current in excess of 0.5A 

■ LM78MG positive output voltage +5.0V to +30V 

■ LM79MG negative output voltage -30V to -2.2 V 

■ Internal thermal overload protection 

■ Internal short circuit current protection 

■ Output transistor safe-area protection 


Connection Diagrams 

LM78MG 



COMM 


Ordering Information 


Device 

Package 

Package 

Code 

Code 

Description 

LM78MGCT 

P04A 

Molded 4-Lead TO-202 

LM79MGCT 

P04A 

Molded 4-Lead TO-202 


TL/H/1 0058-1 

Top View 

Heat sink tabs connected to input through device substrate. Not recom- 
mended for direct electrical connection. 


LM79MG 



IN 


TL/H/1 0058-2 

Top View 

Heat sink tabs connected to input through device substrate. Not recom- 
mended for direct electrical connection. 
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LM78MG/LM79MG 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 

Input Voltage 


please contact the National Semiconductor Sales 

LM78MGC 

+ 40V 

Office/Distributors for availability and specifications. 

LM79MGC 

-40V 

Storage Temperature Range 

— 65°C to + 1 50°C 

Control Lead Voltage 


Operating Junction Temperature 


LM78MGC 

0V ^ V+ ^ V 0 

Range 

0°C to + 1 50°C 

LM79MGC 

v 0 - ^ v- <; ov 

Lead Temperature (Soldering, 10 sec.) 

265°C 



Internal Power Dissipation 

Internally Limited 




LM78MGC 

Electrical Characteristics o°c ^ t a <; i25°c for lm78mgc, Vi = iov, i 0 = 350 mA, c, = 0.33 ,*f, 


Co = 0.1 jaF, Test Circuit 1, unless otherwise specified 


Symbol 

Parameter 

Conditions (Notes 1, 3) 

Min 

Typ 

Max 

Units 

V|R 

Input Voltage Range 

Tj = 25°C 

7.5 


40 

V 

VOR 

Output Voltage Range 

V| = V 0 +5.0V 

5.0 


30 

v 

v 0 

Output Voltage Tolerance 

(V 0 + 3.0V) <; V| £ (V 0 + 15V), 

5.0 mA ^ lo ^ 350 mA, 

P D ^ 5.0W, V, M ax = 38V 

Tj = 25°C 



4.0 

% (Vo) 




5.0 

Vo LINE 

Line Regulation 

Tj = 25°C, l 0 = 200 mA, V 0 ^ 10V, 

(V 0 + 2.5V) <; V| <; (V 0 + 20V), 

Tj = 25°C, l 0 = 200 mA, V 0 ^ 10V 



1.0 

%(V 0 ) 


Load Regulation 

Tj = 25°C, 5.0 mA ^ lo ^ 500 mA, 

V| = V 0 +7.0V 

■ 




•c 

Control Lead Current 

Tj = 25°C 


1.0 

6.0 

jjlA 




7.0 

Iq 

Quiescent Current 

Tj = 25°C 




mA 





RR 

Ripple Rejection 

l 0 = 125 mA, 8.0V £ V| <; 18V, 

V 0 = 5.0V, f = 2400 Hz 

62 


■ 

dB 

N 0 

Output Noise Voltage 


■ 

8 

40 

juV/ 

v 0 

Vdo 

Dropout Voltage 
(Note 2) 



2 

2.5 

V 

>os 

Short Circuit Current 

V| = 35V, Tj = 25°C 



600 

mA 

Ipk 

Peak Output Current 

Tj = 25°C 

0.4 

0.8 

1.4 

A 

AV 0 / AT 

Average Temperature 
Coefficient of Output 
Voltage 

V 0 = 5.0V, 

Iq = 5.0 mA 

T a = — 55°C to +25°C 



0.4 

mV/°C/ 

v 0 

T a = 25°C to 1 25°C 



0.3 

Vc 

Control Lead Voltage 
(Reference) 

Tj = 25°C 

4.8 

5.0 

5.2 

V 


4.75 


5.25 
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LM79MGC 

Electrical Characteristics o°c <; Tj s i 25 °c for lm79mgc, Vi = -uv, i 0 = 350 mA, C| = 2.0 ^f, 

Cq = 1.0 juF, Test Circuit 2, unless otherwise specified 


Symbol 

Parameter 

Conditions (Notes 1, 3 & 5) 

Min 

Typ 

Max 

Units 

V|R 

Input Voltage Range 

Tj = 25°C 

-40 


-7.0 

V 

VOR 

Output Voltage Range 

V| = V 0 - 5.0V 

-30 


-2.23 

V 

v 0 

Output Voltage Tolerance 

(V 0 - 15V) £ V| <: (V 0 - 3.0V), 

5.0 mA ^ lo ^ 350 mA, 
P D <;5.0W,V|Max= -38V 

Tj = 25°C 



4.0 

% (Vo) 




5.0 

Vo LINE 

Line Regulation 

Tj = 25°C, l 0 = 200 mA, V 0 ^ -10V, 

(Vo - 20V) <; V| <; (V 0 - 2.5V), 

Tj = 25°C, l 0 = 200 mA, V 0 ^ -10V 



1.0 

%(V 0 ) 

Vo LOAD 

Load Regulation 

V| = V 0 - 7.0V, 5.0 mA <; l 0 ^ 500 mA, 

Tj = 25°C 



1.0 

%(V 0 ) 

•c 

Control Lead Current 

Tj = 25°C 



2.0 

jxA 




3.0 

IQ 

Quiescent Current 

Tj = 25°C 


0.5 

2.5 

mA 




3.5 

RR 

Ripple Rejection 

Tj = 25°C, l 0 = 125 mA, V| = —13V, 

V 0 = —5.0 V, f = 2400 Hz 

50 



dB 

N 0 

Noise 

10 Hz £ f £ 100 kHz, V 0 = -8.0V, 
l|_ = 50 mA 


25 

80 

julV/ 

Vo 

Vdo 

Dropout Voltage 



1.1 

2.3 

V 

los 

Short Circuit Current 

V| = 35V, Tj = 25° C 



600 

mA 

Ipk 

Peak Output Current 


0.4 

0.65 

1.4 

mA 

AV 0 /AT 

Average Temperature 
Coefficient of Output 
Voltage 

Vq = -5.0V, 

Iq = -5.0 mA 

T a = — 55°C to +25°C 



0.3 

mV/°C/ 

v 0 

T a = 25°C to 1 25°C 



0.3 

Vc 

Control Lead Voltage 
(Reference) 

Tj = 25°C 

-2.32 

-2.23 

-2.14 

V 


-2.35 


-2.11 


pi -L pp pi 4 - RP 

Note 1: V 0 is defined for the LM78MGC as V 0 = — — — (5.0); the LM79MGC as V 0 = — — — (-2.23). 


Note 2: Dropout voltage is defined as that input/output voltage differential which causes the output voltage to decrease by 5% of its initial value. 

Note 3: All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw ^ 10 ms, duty cycle £ 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 

Note 4: The convention for negative regulators is the Algebraic value, thus —15V is less than -10V. 
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LM78MG/LM79MG 


LM78MG Equivalent Circuit 
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9IN6£l/\n/9IN8ZI/n 


LM79MG Equivalent Circuit (Notei) 




LM78MG/LM79MG 


Design Considerations 

The LM78MG and LM79MG variable voltage regulators 
have an output voltage which varies from Vcont to typically 

V| - 2.0V by V 0 = Vcont - R1 - ~ R2) 

The nominal reference in the LM78MG is 5.0V and 
LM79MG is -2.23 V. If we allow 1.0 mA to flow in the con- 
trol swing to eliminate bias current effects, we can make R2 
= 5 kfl in the LM78MG. The output voltage is then: Vo = 
(R1 + R2) Volts, where R1 and R2 are in kfls. 

Example: If R2 = 5.0 kft and R1 = 10 kfl then 
V 0 = 15V nominal, for the LM78MG; 

R2 = 2.2 kft and R1 = 12.8 kn then 
V 0 = -15.2V nominal, for the LM79MG. 

By proper wiring of the feedback resistors, load regulation of 
the devices can be improved significantly. 

Both LM78MG and LM79MG regulators have thermal over- 
load protection from excessive power, internal short circuit 
protection which limits each circuit’s maximum current, and 
output transistor safe-area protection for reducing the out- 
put current as the voltage across each pass transistor is 
increased. 

Although the internal power dissipation is limited, the junc- 
tion temperature must be kept below the maximum speci- 
fied temperature in order to meet data sheet specifications. 
To calculate the maximum junction temperature or heat sink 
required, the following thermal resistance values should be 
used: 


Package 

Typ 

0JC 

Max 

0JC 

Typ 

0JA 

Max 

0JA 

Power Watt 

8.0 

12.0 

70 

75 


Pd Max = 


Tj Max ~ T A Qr 
0JC + 0CA 


Tj M ^ x — — (without a heat sink) 

0JA 

0CA = 0CS + 0SA 
Solving for Tj: 

Tj = Ta + Pd(0jc + #Ca) or 

Ta + Pd^ja (without heat sink) 

Where 

Tj = Junction Temperature 
Ta = Ambient Temperature 
Pd = Power Dissipation 
0JC = Junction-to-Case Thermal Resistance 
$CA = Case-to-Ambient Thermal Resistance 
#CS = Case-to-Heat Sink Thermal Resistance 
0SA = Heat Sink-to-Ambient Thermal Resistance 
0ja = Junction-to-Ambient Thermal Resistance 


Typical Applications for 
LM78MG (Note 1) 

Bypass capacitors are recommended for stable operation of 
the LM78MG over the input voltage and output current 
ranges. Output bypass capacitors will improve the transient 
response of the regulator. 

The bypass capacitors, (0.33 juF on the input, 0.1 ju,F on the 
output) should be ceramic or solid tantalum which have 
good high frequency characteristics. The bypass capacitors 
should be mounted with the shortest leads, and if possible, 
directly across the regulator terminals. 

Note 1: All resistor values in ohms. 

Basic Positive Regulator 



Positive 5.0V to 30V Adjustable Regulator 



Positive 5.0V to 30V 
Adjustable Regulator Iq > 1.5A 

I > 1 .5A — ► 



R1 = _ ftVBE(QI) 
lRMax(/3) “IQ 
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Typical Applications for LM78MG (Note 1) (Continued) 


± 10V, 500 mA Dual Tracking Regulator 



Positive High Current 
Short Circuit Protected Regulator 



R1 ffY- BEtOI ) 

Vr MaxOS + 1) “ k) Max 

If load is not ground referenced, connect reverse biased diodes from outputs 
to ground. 


Positive High-Current Voltage Regulator 




TL/H/1 0058-1 3 


External Series Pass (a) 



Note 1: All resistor values in ohms. 


Output Waveform 



TL/H/1 0058- 16 


-3 




LM78MG/LM79MG 


Typical Applications for LM79MG (Note d 

Bypass capacitors are recommended for stable operation of 
the LM79MG over the input voltage and output current 
ranges. Output bypass capacitors will improve the transient 
response of the regulator. 

The bypass capacitors, (2.0 jaF on the input, 1.0 jllF on the 
output) should be ceramic or solid tantalum which have 
good high frequency characteristics. If aluminum electrolyt- 
es are used, their values should be 10 jaF or larger. The 
bypass capacitors should be mounted with the shortest 
leads, and if possible, directly across the regulator termi- 
nals. 


Negative High Current 
Short Circuit Protected Regulator 

R sc 



Ti = 


£Vbe(qi) 

!r Max(/3) - lo Max 


Basic Negative Regulator 



-30V to -2.2V Adjustable Regulator 



Negative High Current Voltage Regulator 
External Series Pass 


“V," 


2.0 


IN OUT 
LM79MG 


CONTROL 

COMMON 


1.0 

tfin 


p 

H2N6124 


— V ft 


R2 


TL/H/10058-18 


LM78MG Test Circuit 1 



Vcont Nominally = 5V 

LM79MG Test Circuit 2 



Vcont Nominally = -2.23V 
Recommended R2 current = 1 mA 
.\R2 = 5kH (LM78MG) 

R2 = 2.2 kft (LM79MG) 
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Typical Performance Characteristics for LM78MG 


Peak Output Current 
vs Input/Output 
Differential Voltage 
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POWER DISSIPATION (W) 


Typical Performance Characteristics 
for LM78MG and LM79MG 


Worst Case Power Dissipation 
vs Ambient Temperature 



AMBIENT TEMPERATURE (°C) 

TL/H/1 0058-7 
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LM78MG/LM79MG 



LM78MXX Series 



National 

Semiconductor 


LM78MXX Series 

3-Terminal Positive Voltage Regulators 


General Description 

The LM78M00 series of 3-terminal medium current positive 
voltage regulators employ internal current-limiting, thermal 
shutdown and safe-area compensation making them essen- 
tially indestructible. If adequate heat sinking is provided, 
they can deliver in excess of 0.5A output current. They are 
intended as fixed voltage regulators in a wide range of appli- 
cations including local (on-card) regulation for elimination of 
noise and distribution problems associated with single-point 
regulation. In addition to use as fixed voltage regulators, 
these devices can be used with external components to ob- 
tain adjustable output voltages and currents. 


Features 

■ Output current in excess of 0.5 A 
m No external components 

■ Internal thermal overload protection 

■ Internal short circuit current-limiting 

■ Output transistor safe-area compensation 

■ Available in JEDEC TO-220 and TO-39 packages 

■ Output voltages of 5V, 6V, 8V, 12V, 15V, and 24V 


Connection Diagrams 



Order Number LM78M05CH, LM78M06CH, LM78M08CH, 
LM78M12CH, LM78M15CH or LM78M24CH 
See NS Package Number H03B 



COMMON 


TL/H/ 10053-2 


Lead 3 connected to tab. 


Order Number LM78M05CT, LM78M06CT, LM78M08CT, 
LM78M12CT, LM78M15CT or LM78M24CT 
See NS Package Number T03B 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Lead Temperature 

please contact the National Semiconductor Sales TO-39 Metal Can (Soldering, 60 sec.) 300°C 

Office/Distributors for availability and specifications. TO-220 Package (Soldering, 60 sec.) 265°C 


Storage Temperature Range 


Power Dissipation 

Internally Limited 

TO-39 Metal Can 

— 65°C to +175°C 

Input Voltage 


TO-220 Package 

— 65°C to +150°C 

5.0V to 15V 

35V 

Operating Junction Temperature Range 

0°Cto + 1 50°C 

24V 

40V 



ESD Susceptibility 

(to be determined) 


LM78M05C 

Electrical Characteristics 

0°C £ Ta ^ 1 25°C, V| = 10V, Iq = 350 mA, C| = 0.33 jiF, Cq = 0.1 juF, unless otherwise specified 


El 

Parameter 

Conditions 
(Note 1) 



IIIIJ 

Units 

■ 

Output Voltage 




a 

V 

Vr line 

Line Regulation 


Tj = 25°C 

7.0V <: V| ^ 25V, 

Iq = 200 mA 









8.0V <LV\<L 20V, 

Iq = 200 mA 




Vr load 

Load Regulation 


Tj = 25°C 

5.0 mA ^ Iq ^ 500 mA 









5.0 mA ^ Iq ^ 200 mA 




Vo 

Output Voltage 

7.ov <; V| <; 20V, 

5.0 mA ^ lo ^ 350 mA 


I 

£ J 

V 

Iq 

Quiescent Current 

Tj = 25°C 



ESI 

mA 

AIq 

Quiescent 

with Line 

8.0V ^ V| ^ 25V, l 0 = 200 mA 



a 

mA 


Current Change 

with Load 

5.0 mA ^ lo ^ 350 mA 




No 

Noise 

T a = 25°C, 10 Hz £ f £ 100 kHz 


wm 


nV 

AV|/AVq 

Ripple Rejection 

f = 2400 Hz, l 0 = 

125 mA, Tj = 25°C 


Bum 


dB 

Vdo 

Dropout Voltage 

T a = 25°C 


2.0 


V 

los 


Tj = 25°C, V| = 35V 




mA 

'pk 

Peak Output Current 

Tj = 25°C 




mA 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq — 5.0 mA 

■ 


■ 

mV/°C 


LM78M06C 

Electrical Characteristics 

0°C ^ Ta ^ 125°C, V| = 11V, Iq = 350 mA, C| = 0.33 juF, Cq = 0.1 juF, unless otherwise specified 


Symbol 

Parameter 

Conditions 
(Note 1) 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 



6.25 

V 

Vr line 

Line Regulation 

Tj = 25°C 

8.0V <; V| <; 25V, 

Iq = 200 mA 


5.0 

100 

mV 

9.0V ^ V| <: 20 V, 

Iq = 200 mA 




Vr load 

Load Regulation 

Tj = 25° C 

5.0 mA ^ lo ^ 500 mA 



120 

mV 

5.0 mA ^ Iq £ 200 mA 



60 

o 

> 

Output Voltage 

8.0V £ V| ^ 21V, 

5.0 mA ^ Iq ^ 350 mA 

D 

H 

6.3 

V 

Iq 

Quiescent Current 

Tj = 25°C 


wm 


mA 

AIq 

Quiescent 

Current Change 

with Line 

9.0V ^ V| ^ 25V, l 0 = 200 mA 



1 0.8 


with Load 

5.0 mA ^ Iq ^ 350 mA 





i 
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LM78M06C 

Electrical Characteristics (Continued) 

0°C ^ Ta ^ 125°C, V| = 11V, Iq = 350 mA, C| = 0.33 juF, Cq = 0.1 |uF, unless otherwise specified. 


Symbol 

Parameter 

Conditions 
(Note 1) 

N 0 

Noise 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 

AV|/AV 0 

Ripple Rejection 

f = 2400 Hz, l 0 = 125 mA, Tj = 25°C 

Vdo 

Dropout Voltage 

T a = 25°C 

•os 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 

> P k 

Peak Output Current 

Tj = 25°C 

AVo/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 



LM78M08C 

Electrical Characteristics 

0°C ^ Ta ^ 125°C, V| = 14V, Iq = 350 mA, C| = 0.33 jaF, Cq = 0.1 jaF, unless otherwise specified 


Symbol 

Parameter 

Conditions 
(Note 1) 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25° C 

Q 

1 


V 

Vr LINE 

Line Regulation 

Tj = 25°C 

10.5V <: V| ^ 25V, 
lo = 200 mA 




mV 

iiv <;V|<; 20V, 
lo = 200 mA 



1121 

Vr load 

Load Regulation 

Tj = 25°C 

5.0 mA ^ lo ^ 500 mA 




mV 

5.0 mA ^ Iq ^ 200 mA 




Vo 

Output Voltage 

10.5V ^ Vj <: 23V, 

5.0 mA ^ Iq ^ 350 mA 

7.6 


8.4 

V 

Iq 

Quiescent Current 

Tj = 25°C 


EB 


mA 

AIq 

Quiescent 

Current Change 

with Line 

10.5V ^ V| <; 25V, l 0 = 200 mA 



itJiB 

mA 

with Load 

5.0 mA ^ Iq ^ 350 mA 




N 0 

Noise 

T a = 25°C, lOHz^f £ 100 kHz 




|xV 

AV|/AV 0 

Ripple Rejection 

f = 2400 Hz, l 0 = 125 mA, Tj = 25°C 

56 



dB 

Vdo 

Dropout Voltage 

T a = 25°C 


2.0 


V 

•os 

Output Short Circuit Current 

Tj = 25°C, V, = 35V 


250 


mA 

'pk 

Peak Output Current 

Tj = 25°C 


700 


mA 

AVo/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


0.5 


mV/°C 

LM78M12C 

Electrical Characteristics 

0°C ^ Ta ^ 1 25°C, V| = 19V, Iq = 350 mA, C| = 0.33 jllF, Cq = 0.1 jllF, unless otherwise specified 

Symbol 

Parameter 

Conditions 
(Note 1) 

Min 

Typ 

Max 

Units 

v ° 

Output Voltage 

Tj = 25°C 

11.5 

12.0 

12.5 

V 

Vr LINE 

Line Regulation 

Tj = 25°C 

14.5V <; V| ^ 30V, 
lo = 200 mA 


8.0 

100 



16V ^ V| ^ 25V, 

Iq = 200 mA 


2.0 

50 
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LM78M12C 

Electrical Characteristics (continued) 

0°C ^ T A ^ 125°C, V| = 19V, Iq = 350 mA, C| = 0.33 jxF, Cq = 0.1 juF, unless otherwise specified 

Symbol 

Parameter 

Conditions 
(Note 1) 

Min 

Typ 

Max 

Units 

Vr load 

Load Regulation 

Tj = 25° C 

5.0 mA ^ lo ^ 500 mA 


25 

240 

mV 

5.0 mA ^ Iq ^ 200 mA 


10 

120 

Vo 

Output Voltage 

14.5V ^ V| <; 27V, 

5.0 mA £ Iq ^ 350 mA 

11.4 


12.6 

V 


Quiescent Current 

Tj = 25°C 


■a 


mA 


Quiescent 

Current Change 

with Line 

14.5V ^ V| ^ 30V, l Q = 200 mA 




mA 

with Load 

5.0 mA ^ Iq ^ 350 mA 





Noise 

T a = 25°C,10Hz<;f <; 100 kHz 


75 


ftv 

■ 

Ripple Rejection 

f = 2400 Hz, l 0 = 125 mA, 

V| = 17V, Tj = 25°C 

55 

80 


dB 


Dropout Voltage 

T a = 25°C 


2.0 

«H 

■ 

los 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 





mmm 

Peak Output Current 

Tj = 25°C 


700 


mA 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


1.0 


mV/°C 

LM78M15C 

Electrical Characteristics 

0°C <, 7^ <, 125°C, V| = 23V, Iq = 350 mA, C\ = 0.33 jaF, Cq = 0.1 /xF, unless otherwise specified (Continued) 

Symbol 

Parameter 

Conditions 
(Note 1) 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

14.4 

15.0 

15.6 

V 

Vr line 

Line Regulation 

Tj = 25° C 

17.5V ^ V| ^ 30V, 

Iq = 200 mA 

■ 

m 


mV 

20V ^ V| <; 28V, 
lo = 200 mA 

■ 


50 

Vr load 

Load Regulation 

Tj = 25°C 

5.0 mA ^ Iq ^ 500 mA 

nu 

1 



5.0 mA ^ Iq ^ 200 mA 


10 


v 0 





15.75 

V 

mm 

Quiescent Current 

Tj = 25°C 



8.0 

mA 


Quiescent 

Current Change 


17.5V ^ V| ^ 30V, Iq = 200 mA 



0.8 

mA 

with Load 

5.0 mA ^ Iq ^ 350 mA 



0.5 

No 

Noise 

T a = 25°C, lOHz^f £ 100 kHz 


90 


,tV 

AV|/AV 0 

Ripple Rejection 

f = 2400 Hz, l 0 = 125 mA, 

V, = 20V, Tj = 25°C 

54 

70 


dB 

Vdo 

Dropout Voltage 

T a = 25° C 


2.0 


V 

•os 

Output Short Circuit Current 

Tj = 25°C, V| = 35V 


240 


mA 

' P k 

Peak Output Current 

Tj = 25°C 


700 


mA 

AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


1.0 


mV/°C 
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LM78MXX Series 


LM78M24C 

Electrical Characteristics 

0°C ^ Ta ^ 125°C, V| = 33V, Iq = 350 mA, C| = 0.33 juF, Cq = 0.1 ju,F, unless otherwise specified 


Symbol 

Parameter 

Conditions 
(Note 1) 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C 

23.0 

24.0 

25.0 

V 


Line Regulation 


Tj = 25°C 


■ 

10 

100 

mV 





28V £ V| ^ 36V, 
lo = 200 mA 


5.0 

50 

V R load 

Load Regulation 


Tj = 25°C 

5.0 mA ^ Iq ^ 500 mA 













Vo 

Output Voltage 

27V <; V| <; 38V, 

5.0 mA ^ Iq ^ 350 mA 

22.8 

8 



Iq 

Quiescent Current 

Tj = 25°C 




mA 


Quiescent 


27V ^ V| <; 38V, l 0 = 200 mA 






Current Change 

with Load 

5.0 mA ^ lo ^ 350 mA 




N 0 

Noise 

T a = 25°C, 10Hz<:f £ 100 kHz 





AV|/A V 0 

Ripple Rejection 

f = 2400 Hz, l 0 = 
Tj = 25°C 

125 mA, V| = 30V, 

50 

D 

■ 

dB 

Vdo 

Dropout Voltage 

T a = 25°C 


2.0 


■ 

•os 

Output Short Circuit Current 

Tj = 35°C, V| = 35V 


240 



'pk 

Peak Output Current 

Tj = 25°C 


700 



AVq/AT 

Average Temperature 

Coefficient of Output Voltage 

Iq = 5.0 mA 


1.2 


mV/°C 


Note 1: All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (Tw ^ 10 ms, duty cycle £ 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 


Equivalent Circuit 
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QUIESCENT CURRENT (mA) OUTPUT VOLTAGE (V) POWER DISSIPATION (W) 


Typical Performance Characteristics 


Worst Case Power Dissipation vs 
Ambient Temperature (TO-39) 


Worst Case Power Dissipation vs 
Ambient Temperature (TO-220) 

~ ^ 


UMIT FOR LM78MXX - 
Oir = 5 0°C/W I 
Pnu*y = 7.5W 


Peak Output Current vs 
Input/Output Voltage 
Differential 



HisKSil 


AMBIENT TEMPERATURE (°C) 

AMBIENT TEMPERATURE (°C) 

INPUT/OUTPUT VOLTAGE DIFFERENTIAL (V) 

Output Voltage vs 

Junction Temperature 

Dropout Voltage vs 

Junction Temperature 

Dropout Characteristics 


75-50 -25 0 25 50 75 100125150175 

-75-50 -25 0 25 50 75 100125150175 

0 2 4 6 8 

JUNCTION TEMPERATURE (°C) 

JUNCTION TEMPERATURE (°C) 

INPUT VOLTAGE (V) 

Quiescent Current vs 

Quiescent Current vs 

Ripple Rejection vs 

Input Voltage 

Temperature 

Frequency 


5 10 15 20 25 30 35 

-75 -50 -25 0 25 50 75 100125150175 

10 

100 1.0k 10k 100k 

INPUT VOLTAGE (V) 

AMBIENT TEMPERATURE (°C) 


FREQUENCY (Hz) 




TL/H/1 0053-4 

Note: Other LM78M00 Series devices have similar curves. 










v Typical Performance Characteristics (Continued) 


Line Transient Response 

I I I | | | 1 1 LM78M05 
INPUT VOLTAGE I I I 


Load Transient Response 

4.0 — — — — — . — i — . — 1 .0 

V t = 1QV LM78M05 

30 ~Vo = 5.0V_ L L1I1Z _L LJ-. -05 

| I I LOAD CURRENT 0,5 


[OUTPUT VOLTAGE 
M DEVIATION 1 


[OUTPUT VOLTAGEl 
r I DEVIATION I | 


HO Tj = 25<>C 
I 0 = 500 mA 

V o = 5.0V 
-on y 


I 6 8 

TIME (/is) 


10 20 30 40 50 

TIME (/is) 


Design Considerations 

The LM78MXX fixed voltage regulator series has thermal- 
overload protection from excessive power, internal short cir- 
cuit protection which limits the circuit’s maximum current, 
and output transistor safe-area compensation for reducing 
the output short circuit current as the voltage across the 
pass transistor is increased. 

Although the internal power dissipation is limited, the junc- 
tion temperature must be kept below the maximum speci- 
fied temperature ( + 125°C for LM78MXXC) in order to meet 
data sheet specifications. To calculate the maximum junc- 
tion temperature or heat sink required, the following thermal 
resistance values should be used: 


Package 


„ _ Tj Max “ Ta __ 

Pd Max = -7 — — — or 
0JC + #CA 

= ~ Ta (Without a Heat Sink) 

0JA 

0CA = 0CS + 0SA 
Solving for Tj: 

Tj “ Ta + Pd (0jc + 0ca) or 

= T A + p D #JA (Without a Heat Sink) 


Typ 

Max 

Typ 

Max 

0J C 

0J C 

<>Ja 

0Ja 

18 

25 

120 

140 

3.0 

5.0 

60 

40 


Tj = Junction Temperature 

Ta = Ambient Temperature 

Pd = Power Dissipation 

0jc = Junction to Case Thermal Resistance 

0CA = Case-to-Ambient Thermal Resistance 

0CS = Case-to-Heat Sink to Resistance 

0SA - Heat Sink-to-Ambient Thermal Resistance 

Oja = Junction-to-Ambient Thermal Resistance 

Typical Applications 

Fixed Output Regulator 



Note 1: To specify an output voltage, substitue voltage value for “XX”. 
Note 2: Bypass capacitors are recommended for optimum stability and tran- 
sient response and should be located as close as possible to the regulator. 
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National 
Semiconductor 

LM79XX Series 3-Terminal Negative Regulators 

General Description 

The LM79XX series of 3-terminal regulators is available with 
fixed output voltages of -5V, -12V, and -15V. These de- 
vices need only one external component— a compensation 
capacitor at the output. The LM79XX series is packaged in 
the TO-220 power package and is capable of supplying 
1 .5A of output current. 

These regulators employ internal current limiting safe area 
protection and thermal shutdown for protection against vir- 
tually all overload conditions. 

Low ground pin current of the LM79XX series allows output 
voltage to be easily boosted above the preset value with a 
resistor divider. The low quiescent current drain of 


Typical Applications 


± 15V, 1 Amp Tracking Regulators 



Output Ripple, C|n = 3000 jllF, II = 1A 100 /xVrms 100 /xVrms 

Temperature Stability 50 mV 50 mV 

Output Noise 1 0 Hz £ f <. 10 kHz 1 50 juVrms 1 50 jaVrms 

•Resistor tolerance of R4 and R5 determine matching of (+) and (-) 
outputs. 

♦♦Necessary only if raw supply filter capacitors are more than 3" from regu- 
lators. 


these devices with a specified maximum change with line 
and load ensures good regulation in the voltage boosted 
mode. 

For applications requiring other voltages, see LM137 data 
sheet. 

Features 

■ Thermal, short circuit and safe area protection 

■ High ripple rejection 

■ 1.5A output current 

■ 4% preset output voltage 
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LM79XX 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

(V 0 = 5V) -35V 

(V 0 = 12V and 15V) -40 V 


Input-Output Differential 
(V 0 = 5 V) 

(V 0 = 12V and 15V) 

Power Dissipation (Note 1) 

Operating Junction Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec.) 


Electrical Characteristics Conditions unless otherwise noted: Iout = 500 mA, C|n = 2.2 
0°C ^ Tj ^ + 125°C, Power Dissipation ^ 1.5W. 


25V 

30V 

Internally Limited 
0°Cto +125°C 
— 65°C to + 1 50°C 
230°C 

pF, Cqut = 1 P-F. 


Part Number 

LM7905C 

Output Voltage 

5V 

Input Voltage (unless otherwise specified) 

-10V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Vo 

Output Voltage 

Tj = 25°C 

5 mA ^ Iqut ^ 1 A, 

P £ 15W 

-4.8 -5.0 -5.2 

-4.75 -5.25 

(-20 £ V| N £ -7) 

AV 0 

Line Regulation 

Tj = 25°C, (Note 2) 

8 50 

(-25^ V, N ^ -7) 

2 15 

(-12 ^ V| N ^ -8) 


Load Regulation 

Tj = 25°C, (Note 2) 

5 mA ^ Iout ^ 1-5A 

250 mA ^ Iqut ^ 750 mA 

15 

5 

Quiescent Current 

Tj = 25°C 

1 

Quiescent Current 

With Line 


Change 

With Load, 5 mA ^ Iqut ^ 1A 

(-25 ^ V| N ^ -7) 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 Hz 

125 

Ripple Rejection 

f = 120 Hz 

54 66 

(-18£ V,n* -8) 

Dropout Voltage 

Tj = 25°c, Iout = ia 

1.1 

Peak Output Current 

Tj = 25°C 

2.2 

Average Temperature 

Iout = 5 mA, 

0.4 

Coefficient of 

Output Voltage 

0C^Tj^100°C 



Typical Applications (Continued) 


Variable Output 



ci 

2.2pF 

SOLID 

TANTALUM 


♦Improves transient response and ripple rejection. Do not increase beyond 50 juF. 

v 0 ut-v set (51±£?) 

Select R2 as follows: 

LM7905CT 300H 
LM7912CT 7500 
LM7915CT Ik 


C2 

1/jF 

SOLID 

TANTALUM 


1-326 



Electrical Characteristics (Continued) Conditions unless otherwise noted: Iout 
C orn = 1 jwF, 0°C ^ Tj ^ 4- 125°C, Power Dissipation = 1.5W. 


500 mA, C|n = 2.2 jmF, 


Part Number 

LM7912C 

LM7915C 


Output Voltage 

12V 

15V 

Units 

Input Voltage (unless otherwise specified) 

-19V 

-23 V 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C 

-11.5 

-12.0 

-12.5 

-14.4 

-15.0 

-15.6 

V 



5 mA ^ Iout ^ 1 A, 

— 11.4 


-12.6 

-14.25 


-15.75 

V 



P £ 15W 

| (-27 £ V, N £ 

-14.5) 

(-30 £ V| N ^ 

-17.5) 

V 

AVq 

Line Regulation 

Tj = 25°C, (Note 2) 


5 

80 


5 

100 

mV 




(-30 <; v, N <: 

-14.5) 

(-30 £ v, N <; ■ 

-17.5) 

V 





3 

30 


3 

50 

mV 




1 -22 <: V| N £ 

-16) 

| (-26 ^ V| N £ 

-20) 

V 

AV 0 

Load Regulation 

Tj = 25°C, (Note 2) 


15 

200 


15 

200 

mV 



5 mA ^ Iout ^ 1 .5A 


15 

200 


15 

200 

mV 



250 mA £ Iout ^ 750 mA 


5 

75 


5 

75 

mV 

IQ 

Quiescent Current 

Tj = 25°C 


1.5 

3 


1.5 

3 

mA 

AIq 

Quiescent Current 

With Line 



0.5 



0.5 

mA 


Change 


(-30^V, N £ 

-14.5) 

(-30 <;V| N ^ ■ 

-17.5) 

V 



With Load, 5 mA ^ Iqut ^ 1 A 




0.5 



0.5 

mA 

V n 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 Hz 

300 

375 

,1V 


Ripple Rejection 

f = 120 Hz 

54 

70 


54 

70 


dB 




| (-25^v, n <; 

-15) 

| (-30 <; V, N ^ • 

-17.5) 

V 


Dropout Voltage 

Tj = 25°c, Iout = 1A 

i.i 

1.1 

V 

•OMAX 

Peak Output Current 

Tj = 25°C 

2.2 

2.2 

A 


Average Temperature 

Iout = 5 mA, 


-0.8 



-1.0 


mV/°C 


Coefficient of 

Output Voltage 

0C <; Tj <: 100°C 









Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (Oja) is 50°C/W (no heat sink) and 5°C/W 
(infinite heat sink). 

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to heating effects must be 
taken into account. 


Typical Applications (Continued) 

Fixed Regulator 


Dual Trimmed Supply 


- ci* 

■ 2.2/iF 


C2t 


- — p: 2.2 /jF | 1 — p' IM 

LM79XXCT 


TL/H/7340-3 

’Required if regulator is separated from filter ca- 
pacitor by more than 3" . For value given, ca- 
pacitor must be solid tantalum. 25 /xF aluminum 
electrolytic may be substituted. 
tRequired for stability. For value given, capacitor 
must be solid tantalum. 25 /xF aluminum elec- 
trolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100 p.F, a 
high current diode from input to output 
(1N4001, etc.) will protect the regulator from 
momentary input shorts. 
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Schematic Diagrams 
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LM7900 Series 



National 

Semiconductor 


LM7900 Series 

3-Terminal Negative Voltage Regulators 


General Description 

The LM7900 series of monolithic 3-terminal negative regula- 
tors are intended as complements to the popular LM7800 
series of positive voltage regulators, and they are available 
in voltage options from -5.0V to - 1 5V. The LM7900 series 
employ internal current-limiting, thermal shutdown, and 
safe-area compensation, making them virtually indestructi- 
ble. 


Features 

■ Output current in excess of 1.0A 

■ Internal thermal overload protection 

■ Internal short circuit current-limiting 

■ Output transistor safe-area compensation 

■ Available in JEDEC TO-220 and TO-3 packages 

■ Output voltage of -8V (See Note) 


Connection Diagrams 



Order Number LM7908K and LM7908CK 
See NS Package Number K02A 
Note: See the LM79xx datasheet in the General Purpose 
Linear Databook for specifications on products in this series 
with —5V, -12V, and -15V outputs. Refer to the LM120/ 
LM320 datasheet for -5V, -12V, and -15V regulators 
specified over extended temperature ranges. 



Lead 3 connected to case. 


Top View 


Order Number LM7908CT 
See NS Package Number T03B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature Range 
TO-3 Metal Can - 65°C to + 1 75°C 

TO-220 Package - 65°C to + 1 50°C 

Operating Junction Temperature Range 
Extended (LM7900) - 55°C to + 1 50°C 

Commercial (LM7900C) 0°C to + 1 50°C 


Lead Temperature 

TO-3 Metal (soldering, 60 sec.) 300°C 

TO-220 Package (soldering, 1 0 sec.) 265°C 

Power Dissipation Internally Limited 

Input Voltage 

— 5 V to —15V -35V 

ESD Susceptibility 2000V 

Note 1: The convention for Negative Regulators is the Algebraic value, thus 
-15V is less then -10V. 


LM7908 

Electrical Characteristics 

— 55°C ^ Ta ^ 1 25°C, V| = -14V, Ip = 500 mA, C| = 2.0 /xF, Cp = 1.0 juF, unless otherwise specified 


Symbol 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Vo 

Output Voltage 

Tj = 25°C 

-7.7 

-8.0 

-8.3 

V 

Vr line 

Line Regulation 

Tj = 25°C 

-10.5V £ V| £ -25V 


6.0 

80 

mV 




-11V <: V| £ - 17V 


2.0 

40 


Vr load 

Load Regulation 

Tj = 25°C 

5.0 mA <: Ip £ 1.5A 


12 

100 

mV 




250 mA £ Ip £ 750 mA 


4.0 

40 




AVp/AT 


•os 


Output Voltage 


Quiescent Current 



AV|/AVq Ripple Rejection 


Vdo Dropout Voltage 


Peak Output Current 


Average Temperature 
Coefficient of Output Voltage 


Output Short Circuit Current 


-11.5V <: V| <; -23V, 

5.0 mA <£ Ip £ 1.0A.P £ 15W 

Tj = 25°C 


-11.5V £ V| ^ -25V 

5.0 mA ^ Ip ^ 1.0A 

T a = 25°C, 10 Hz ^ \<. 100 kHz 

f = 2400 Hz, V| = -13V 

Ip = 350 mA, Tj = 25°C 

Ip = 1.0A, Tj = 25°C 

Tj = 25°C 


Ip = 5.0 mA, — 55°C <; T A ^ 125°C 


V| = -35V, Tj = 25°C 



mV/°C/Vp 

A 


LM7900 Series 

























LM7900 Series 


LM7908C 

Electrical Characteristics 

0°C ^ Ta ^ 1 25°C, V| = -14V, Iq = 500 mA, C| = 2.0 julF, Cq = 1.0 jllF, unless otherwise specified 


Symbol Parameter 

Vq Output Voltage 

V R line L i ne Regulation 

Vr load Load Regulation 


Output Voltage 


Iq Quiescent Current 

AIq Quiescent Current \ 

Change ~~T 


Conditions (Note 1) 

Tj = 25°C 


Tj = 25°C 


Tj = 2 5°C 


-10.5V <: V| <: -25V 
-11V ^ V| <: - 17V 
5.0 mA ^ Iq ^ 1.5A 
250 mA ^ Iq ^ 750 mA 


With Line 
With Load 


N 0 

AV|/AV 0 

Vpo 

Ipk 

AVq/AT 


Noise 

Ripple Rejection 

Dropout Voltage 
Peak Output Current 

Average Temperature 
Coefficient of Output Voltage 


-io.5V <;V|<; 23V, 

5.0 mA <; l 0 <; 1.0A.P <: 15W 


Tj = 25°C 

-10.5V -25V 

5.0 mA ^ Ip <; 1 ,0A 

T a = 25°C, IQHz^f ^ 100 kHz 

f = 2400 Hz, V| = -13V 

Ip = 350 mA, Tj = 25°C 

Ip = 1.0A, Tj = 25°C 

Tj = 25°C 

l 0 = 5.0 mA, 0°C ^ T a <: 125°C 


Typ 

Max 

-8.0 

-8.3 

6.0 

160 

2.0 

80 

12 

160 

4.0 

80 


-8.4 

3.5 

7.0 


1.0 


0.5 

200 


60 


1.1 


2.1 


0.6 














Typical Performance Characteristics 


Peak Output Current vs 

Worst Case Power Dissipation vs Worst Case Power Dissipation vs Input/Output Voltage 

Ambient Temperature (TO-3) Ambient Temperature (TO-220) Differential 

100 1 — r . .y.vzT r : ' -Tzzzz i — i — i 3.o i i i i i i i i i i i i i 





AMBIENT TEMPERATURE (°C) 
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AMBIENT TEMPERATURE (°C) 
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20 25 

INPUT/OUTPUT VOLTAGE DIFFERENTIAL (V) 


Output Voltage vs 
Junction Temperature 


V, = V o -5.0Y 
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Output Voltages 


Tj = 25°C 4- 
AVj = IOVjL 
f 0 = 120 Hz 
l Q = 200 mA 
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Line Transient Response 
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Output Impedance vs 
Frequency 
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LM7900 Series 


Design Considerations 

The LM7900 fixed voltage regulator series has thermal 
overload protection from excessive power dissipation, inter- 
nal short circuit . protection which limits the circuit’s maxi- 
mum current, and output transistor safe-area compensation 
for reducing the output current as the voltage across the 
pass transistor is increased. 

Although the internal power dissipation is limited, the junc- 
tion temperature must be kept below the maximum speci- 
fied temperature (150°C for LM7900, 125°C for LM7900C) in 
order to meet data sheet specifications. To calculate the 
maximum junction temperature or heat sink required, the 
following thermal resistance values should be used: 


Package 

Typ 

0JC 

°C/W 

Max 

0JC 

°C/W 

Typ 

0JA 

°c/w 

Max 

0JA 

°C/W 

TO-3 

3.5 

5.5 

40 

35 

TO-220 

3.0 

5.0 

60 

40 


Pd max = 


Tj Max Ta q[ . Tj Max T A 
0JC + 0CA 0JA 


0ca = 0CS + 0SA (without heat sink) 
Solving for Tj: 


Tj = T a + P D (0j C + 0 CA ) or 
= T A + Pd#ja (without heat sink) 

Where: 

Tj = Junction Temperature 
T a = Ambient Temperature 
Pd = Power Dissipation 
0j A = Junction-to-Ambient Thermal Resistance 
0jc = Junction-to-Case Thermal Resistance 
0CA = Case-to-Ambient Thermal Resistance 
0CS = Case-to-Heat Sink Thermal Resistance 
0SA = Heat Sink-to-Ambient Thermal Resistance 


Typical Applications 

Bypass capacitors are necessary for stable operation of the 
LM7900 series of regulators over the input voltage and out- 
put current ranges. Output bypass capacitors will improve 
the transient response by the regulator. 

The bypass capacitors, (2.0 ju-F on the input, 1 .0 jmF on the 
output) should be ceramic or solid tantalum which have 
good high frequency characteristics. If aluminum electrolyt- 
es are used, their values should be 10 ju,F or larger. The 
bypass capacitors should be mounted with the shortest 
leads, and if possible, directly across the regulator termi- 
nals. 


2.0 /iF 


Fixed Output Regulator 


LM7900 




V 0 


ifll.OAtF 


TL/H/ 10050-5 


High Current Voltage Regulator 

'Q 1 ! 



TL/H/1 0050-6 


Output Current HIGH, Foldback Current-Limited 



Output Current HIGH, Short Circuit Protected 



RS0= ViEiQ21 

los 
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National 

Semiconductor 


LM79LXXAC Series 3-Terminal Negative Regulators 


General Description 

The LM79LXXAC series of 3-termina! negative voltage regu- 
lators features fixed output voltages of —5V, -12V, and 
- 1 5V with output current capabilities in excess of 1 00 mA. 
These devices were designed using the latest computer 
techniques for optimizing the packaged 1C thermal/electri- 
cal performance. The LM79LXXAC series, even when com- 
bined with a minimum output compensation capacitor of 0.1 
jaF, exhibits an excellent transient response, a maximum 
line regulation of 0.07% Vq/V, and a maximum load regula- 
tion of 0.01% Vo/mA. 

The LM79LXXAC series also includes, as self-protection cir- 
cuitry: safe operating area circuitry for output transistor pow- 
er dissipation limiting, a temperature independent short cir- 
cuit current limit for peak output current limiting, and a ther- 
mal shutdown circuit to prevent excessive junction tempera- 
ture. Although designed primarily as fixed voltage regula- 
tors, these devices may be combined with simple external 
circuitry for boosted and/or adjustable voltages and cur- 
rents. The LM79LXXAC series is available in the 3-lead TO- 
92 package, and SO-8; 8 lead package. 


For output voltage other than -5V, -12V and -15V the 

LM137L series provides an output voltage range from 1.2V 

to 47V. 

Features 

■ Preset output voltage error is less than ± 5% overload, 
line and temperature 

■ Specified at an output current of 100 mA 

■ Easily compensated with a small 0.1 jaF output 
capacitor 

■ Internal short-circuit, thermal and safe operating area 
protection 

■ Easily adjustable to higher output voltages 

■ Maximum line regulation less than 0.07% Vout/V 

■ Maximum load regulation less than 0.01 % VouT mA 

■ TO-92 package 


Typical Applications 


Fixed Output Regulator 


ci*-±L 

0.33 mF—t— 


”1 1 

— 1±-C2** 

— 1 “ ~ 0.1 mF 


U 







TL/H/7748-1 

’Required if the regulator is located far from the power supply filter. A 1 jxF 
aluminum electrolytic may be substituted. 

** Required for stability. A 1 jjlF aluminum electrolytic may be substituted. 


Connection Diagrams 

SO-8 Plastic (Narrow Body) 


' V 0UT~ 

u 

8 

-V, N - 

2 

7 

-V.N- 

3 

6 

NC- 

4 

5 


TL/H/7748-4 

Top View 

Order Number LM79L05ACM, 
LM79L12ACM or LM79L15ACM 
See NS Package Number M08A 


Adjustable Output Regulator 



—V 0 = — 5V - (5V/R1 + Iq) ♦ R2, 
5V/R1 > 3 Iq 


TO-92 Plastic Package (Z) 



Bottom View 


TL/H/7748-2 


Order Number LM79L05ACZ, 
LM79L12ACZ or LM79L15ACZ 
See NS Package Number Z03A 


1 
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LM79LXXAC 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

V 0 = —5V, -12V, -15V -35V 

Internal Power Dissipation (Note 1 ) Internally Limited 


Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


0°Cto +70°C 
+ 1 25°C 
— 55°C to +150°C 
260°C 


Electrical Characteristics (Note 2) Ta = 0°C to + 70°C unless otherwise noted. 


Output Voltage 

— 5V 

-12V 

-15V 

Units 

Input Voltage (unless otherwise noted) 

-10V 

-17V 

-20 V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Vo 

Output Voltage 

Tj = 25°C, l 0 = 100mA 

-5.2 -5 -4.8 

-12.5 -12 -11.5 

-15.6 -15 -14.4 

V 

1 mA ^ Iq ^ 100 mA 
Vmin ^ V| N ^ V MAX 

-5.25 -4.75 

(-20 <; V| N <; -7.5) 

-12.6 -11.4 

(—27 <; V| N -14.8) 

-15.75 -14.25 

(-30 <; V| N ^ -18) 

1 mA ^ Iq ^ 40 mA 

Vmin ^ v !N ^ v MAX 

-5.25 -4.75 

(—20 ^ V, N <! —7) 

-12.6 -11.4 
(-27^ V| N £ -14.5) 

-15.75 -14.25 

(-30 <: V| N ^ -17.5) 

AV 0 

Line Regulation 

Tj = 25°C, l 0 = 100mA 

Vmin ^ V iN ^ v MA x 

60 

(-20 ^ V| N ^ -7.3) 

45 

(-27 ^ V| N £ -14.6) 

45 

(-30 <; V| N ^ -17.7) 

mV 

V 

Tj = 25°C, l 0 = 40 mA 
Vmin ^ V !N ^ V MA x 

60 

(-20 ^ V| N <; -7) 

45 

(-27 ^ V| N £ -14.5) 

45 

(-30 <; V| N <; -17.5) 

mV 

V 

AV 0 

Load Regulation 

Tj = 25°C 

1 mA ^ Iq ^ 100 mA 

50 

100 

125 

mV 

AV 0 

Long Term Stability 

Iq = 100 mA 

20 

48 

60 

mV/khrs 

•q 

Quiescent Current 

Iq = 100 mA 

2 6 

2 6 

2 6 

mA 

AIq 

Quiescent Current 
Change 

1 mA ^ Iq ^ 100 mA 

0.3 

0.3 

0.3 

mA 

1 mA ^ Iq ^ 40 mA 

0.1 

0.1 

0.1 

Iq = 100 mA 

0.25 

0.25 

0.25 

mA 

Vmin ^ V| N ^ v MA x 

(-20 ^ V| N <; -7.5) 

(-27 <: V| N £ -14.8) 

(-30 <: V| N <; -18) 

V 

V n 

Output Noise Voltage 

Tj = 25°C, l 0 = 100 mA 
f = 10 Hz - 10 kHz 

40 

96 

120 

> 

AVim 

AV 0 

Ripple Rejection 

Tj = 25°C, l 0 = 100mA 
f = 120 Hz 

50 

52 

50 

dB 


Input Voltage 
Required to 

Maintain Line 
Regulation 

Tj = 25°C, l 0 = 100 mA 
Iq = 40 mA 

• 

00 o 

1 1 

-14.6 

-14.5 

-17.7 

-17.5 

V 

V 


Note 1: Thermal resistance of Z package is 60°C/W 0j C , 232°C/W 0j a at still air, and 88°C/W at 400 ft/min of air. The M package 0j a is 180°C/W in still air. 
The maximum junction temperature shall not exceed 125°C on electrical parameters. 

Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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INPUT-OUTPUT DIFFERENTIAL (V) POWER DISSIPATION (W) 


Typical Performance Characteristics 

Maximum Average Power 

Dissipation Peak Output Current 


}- 0.126" LEAD LENGTH 
r FROM PC BOARD 
f FREE AIR 


0.4" LEAD LENGTH 
. FROM PC BOARD - 
FREE AIR 


15 30 45 SO 75 

T A - AMBIENT TEMPERATURE |°C) 


Dropout Voltage 


lg ■ 100 mA^_y_ 
Ig m 40 mA 7 ] / 
In = OmA' 


— /L_llg = 40 mA_ 


I 25 50 75 100 125 

T: - JUNCTION TEMPERATURE (°C) 



0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V} 


Ripple Rejection 


npmiiH 

MmilllllMMUIIIIIM 


«gr» 

im 

luma. 

Ill 

mm 

III 

linn 

III 

m 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Short Circuit Output 
Current 

I I |Tj-b°c I v QUT ■ ov I 


0 -5 -10 -15 -20 -25 -30 -35 
INPUT VOLTAGE (V) 

Output Voltage vs. 
Temperature (Normalized 
j to IV @ 25° C) 

L 4 V OUT*- 12v TO-24v| 1 


V IN- V 0UT"“ 5V 
•OUT 3 10 mA 


0 25 50 75 100 125 

T: - JUNCTION TEMPERATURE (°C) 


Quiescent Current 


2.5 rTj*0°C~ 


Output Impedance 


:V 0 ut = -5V : 
V| N - -10V 
*0UT = 50 mA ‘ 
T A «25°C ' 


| Cn = 0.1 uF 
Cn»1tfF ^l / 


"V 0 ut = -5V ‘ 
_*QUT = AD mA _ 


-5 -10 -15 -20 -25 -30 -35 

INPUT VOLTAGE (V) 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Typical Applications (Continued) 


± 15V, 100 mA Dual Power Supply 



VquT= 15V @ 100 mA 


■V 0 UT = “15V @ 100 mA 
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LM79LXXAC 



TL/H/7748-7 


Schematic Diagrams 
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-12V and -15V 3" 
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LM79MXX Series 


National 

Semiconductor 


LM79MXX Series 
3-Terminal Negative Regulators 


General Description 

The LM79MXX series of 3-terminal regulators is available 
with fixed output voltages of - 5V, - 1 2 V, and - 1 5V. These 
devices need only one external component — a compensa- 
tion capacitor at the output. The LM79MXX series is pack- 
aged in the TO-202 power package and TO-39 metal can 
and is capable of supplying 0.5A of output current. 

These regulators employ internal current limiting, safe area 
protection, and thermal shotdown for protection against vir- 
tually all overload conditions. 

Low ground pin current of the LM79MXX series allows out- 
put voltage to be easily boosted above the preset value with 
a resistor divider. The low quiescent current of these devic- 
es with a specified maximum change with line and load en- 
sures good regulation in the voltage boosted mode. 


For output voltage other than -5V, -12V, and -15V the 
LM137 series provides an output voltage range from 1 .2V to 
57V. 

Features 

■ Thermal, short circuit and safe area protection 

■ High ripple rejection 

■ 0.5A output current 

■ 4% preset output voltage 


Connection Diagram 


TO-202 (P) Plastic Package 



Order Number LM79M05CP, LM79M12CP or LM79M15CP 
See NS Package Number P03A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

V 0 = 5V -25 V 

V 0 = 12V and 15V -35V 

Input/Output Differential 

V 0 = 5V 25 V 

V 0 = 12V and 15V 30V 


Electrical Characteristics 

Conditions unless otherwise noted: Iqut = 350 mA, C|n = 2.2 /xF, Cout = 1 ju-F, 0°C ^ Tj ^ -F125°C 


Part Number 

LM79M05C 

LM79M12C 

LM79M15C 


Output Voltage 

— 5V 

-12V 

-15V 

Units 

Input Voltage (Unless Otherwise Specified) 

-10V 

-19V 

-23 V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Min Typ 

Max 

Min Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C 

-4.8 -5.0 -5.2 

-11.5 -12.0 

-12.5 

-14.4 -15.0 

-15.6 

V 



5 mA ^ loUT ^ 350 mA 

-4.75 -5.25 

-11.4 

-12.6 

-14.25 

-15.75 

V 




(-25 £ V| N ^ -7) 

(-27 <; V| N <; - 

•14.5) 

(-30 <; V, N £ - 

17.5) 


AV 0 

Line Regulation 

Tj = 25°C (Note 2) 

8 50 

5 

80 

5 

80 

mV 




(-25<:V IN <; -7) 

( 30 ^ V| N <; — 

14.5) 

(— 30 ^V|n^ - 

17.5) 





2 30 

3 

30 

3 

50 

mV 




(-18 ^ V, N ^ -8) 

(-25<;V| N <; - 

-15) 

(-28 <; v, N <; - 

-18) 


AV 0 

Load Regulation 

Tj = 25°C, (Note 2) 

5 mA ^ Iqut ^ 0.5A 

30 100 

30 

240 

30 

240 

mV 

'Q 

Quiescent Current 

Tj = 25°C 

1 2 

1.5 

3 

1.5 

3 

mA 

AIq 

Quiescent Current 

With Input Voltage 

0.4 


0.4 


0.4 

mA 


Change 

With Load, 

(-25 ^ V, N ^ -8) 

(-30 <; V| N ^ - 

-14.5) 

(-30 ^ v, N <; - 

-27) 




5 mA ^ loUT ^ 350 mA 

0.4 


0.4 


0.4 

mA 

V n 

Output Noise Voltage 

T a = 25°C, 

10 Hz ^ f ^ 100 Hz 

750 

400 

400 

mV 


Ripple Rejection 

f = 120 Hz 

54 66 

54 70 


54 70 


dB 




(-18 ^ V| N ^ -8) 

(-25 <; V|N ^ ■ 

-15) 

(-30 ^ V, N ^ - 

17.5) 



Dropout Voltage 

Tj = 25°C, Iqut = 0.5A 

1.1 

1.1 

1.1 

V 

Iqmax 

Peak Output Current 

Tj = 25°C 

800 

800 

800 

mA 


Average Temperature 

Iqut = 5 mA, 








Coefficient of 

Output Voltage 

0°C ^ Tj ^ 100°C 

-0.4 

-0.8 


-1.0 


mV/°C 


Thermal Resistance 

Junction to Case 

P Package 

12 

12 

12 

°C/W 


Thermal Resistance 

Junction to Ambient 

P Package 

70 

70 

70 

°C/W 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to heating effects must be 
taken into account. 


Power Dissipation Internally Limited 

Operating Junction Temperature Range 0°C to + 1 25°C 
Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 230°C 

ESD Susceptability TBD 
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LM79MXX Series 




Typical Applications 

± 1 5 V, 1 Amp Tracking Regulators 



TL/H/10483-1 


Performance (Typical) 


(- 15 ) (+ 15 ) 

Load Regulation at 0.5A 40 mV 2 mV 

Output Ripple, C|n = 3000 jaF, l|_ = 0.5A 100 ju,Vrms 100 juVrms 

Temperature Stability 50 mV 50 mV 

Output Noise 1 0 Hz ^ f ^ 1 0 kHz 1 50 jwVrms 1 50 juVrms 


‘Resistor tolerance of R4 and R5 determine 
matching of (+) and (-) outputs 
“Necessary only if raw supply filter capacitors 
are more than 3" from regulators 


Variable Output 



‘Improves transient response and ripple rejection. 
Do not increase beyond 50 ju,F. 


Vout = Vset 

Select R2 as follows: 
LM79M05C 300ft 
LM79M12C 750ft 
LM79M15C Ik 


Fixed Regulator 



‘Required if regulator is separated from filter capacitor by more than 3". 
For value given, capacitor must be solid tantalum. 25 juF aluminum elec- 
trolytic may be substituted. 

t Required for stability. For value given, capacitor must be solid tantalum. 
25 jitF aluminum electrolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100 juF, a high current diode from 
input to output (1N4001, etc.) will protect the regulator from momentary 
input shorts. 


Dual Trimmed Supply 



TL/H/1 0483-4 








National 
Semiconductor 

LP2950/LP2950AC/LP2950C 5V and 
LP295 1 /LP295 1 AC/LP295 1 C Adjustable 
Micropower Voltage Regulators 

General Description 

The LP2950 and LP2951 are micropower voltage regulators 
with very low quiescent current (75 /mA typ.) and very low 
dropout voltage (typ. 40 mV at light loads and 380 mV at 
100 mA). They are ideally suited for use in battery-powered 
systems. Furthermore, the quiescent current of the 
LP2950/LP2951 increases only slightly in dropout, prolong- 
ing battery life. 

The LP2950 in the popular 3-pin TO-92 package is pin-com- 
patible with older 5V regulators. The 8-lead LP2951 is avail- 
able in plastic, ceramic dual-in-line, or metal can packages 
and offers additional system functions. 

One such feature is an error flag output which warns of a 
low output voltage, often due to falling batteries on the in- 
put. It may be used for a power-on reset. A second feature 
is the logic-compatible shutdown input which enables the 
regulator to be switched on and off. Also, the part may be 
pin-strapped for a 5V output or programmed from 1 .24V to 
29 V with an external pair of resistors. 

Careful design of the LP2950/LP2951 has minimized all 
contributions to the error budget. This includes a tight initial 


tolerance (.5% typ.), extremely good load and line regula- 
tion (.05% typ.) and a very low output voltage temperature 
coefficient, making the part useful as a low-power voltage 
reference. 

Features 

■ High accuracy 5V, guaranteed 100 mA output 

■ Extremely low quiescent current 

■ Low dropout voltage 

■ Extremely tight load and line regulation 

■ Very low temperature coefficient 

■ Use as Regulator or Reference 

■ Needs only 1 juF for stability 

■ Current and Thermal Limiting 

LP2951 versions only 

■ Error flag warns of output dropout 

■ Logic-controlled electronic shutdown 

■ Output programmable from 1.24 to 29V 



Block and Connection Diagrams 

(LP2951 Pinout for H, J, M and N Packages) 



TL/H/8546-1 

Order Number LP2951J, LP2951 ACJ, 

LP2951CJ, LP2951ACN or LP2951CN 
See NS Package Number J08A or N08E 

Order Number LP2951ACM or LP2951CM for SO-8 
See NS Package Number M08A 


Metal Can Package (H) 



Order Number LP2951H 
See NS Package Number H08C 

TO-92 Plastic Package (Z) 


OUTPUT^/ 1 ' - -V li 

& 


GND TL/H/8546-2 

Bottom View 

Order Number LP2950ACZ-5.0 


or LP2950CZ-5.0 
See NS Package Number Z03A 
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LP2950/ LP2950AC/ LP2950C/ LP2951/ LP2951AC/ LP2951C 











LP2950/ LP2950AC/ LP2950C/ LP2951/ LP2951AC/ LP2951C 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Power Dissipation Internally Limited 

Lead Temp. (Soldering, 5 seconds) 260°C 

Storage T emperature Range - 65° to + 1 50°C 

Operating Junction Temperature Range (Note 8) 

LP2951 — 55° to + 1 50°C 

LP2950AC/ LP2950C, 

LP2951 AC/LP2951 C -40° to + 125°C 


Input Supply Voltage -0.3 to + 30V 

Feedback Input Voltage - 1 .5 to + 30V 

(Notes 9 and 10) 

Shutdown Input Voltage - 0.3 to + 30V 

(Note 9) 

Error Comparator Output 

Voltage (Note 9) - 0.3 to + 30V 

ESD Rating is to be determined. 


Electrical Characteristics (Note d 




LP2951 


LP2950AC 


LP2950C 



Conditions 

(Note 2) 


LP2951AC 


LP2951C 


Parameter 


Tested 


Tested 

Design 


Tested 

Design 

Units 


Typ 

Limit 


Limit 

Limit 

Typ 

Limit 

Limit 





(Note 3) 


(Note 3) 

(Note 4) 


(Note 3) 

(Note 4) 


Output Voltage 

Tj = 25°C 

5.0 



5.025 


5.0 



V max 






4.975 



h 


V min 


— 25°C <; Tj £ 85°C 









V max 











V min 


Full Operating 


5.06 



5.06 



5.1 

V max 


Temperature Range 


4.94 



4.94 



4.9 

V min 

Output Voltage 

100 /aA £ l L £ 100 mA 


5.075 



5.07 



5.12 

V max 


T J s t Jmax 


4.925 



4.93 



4.88 

V min 

Output Voltage 
Temperature Coefficient 

(Note 12) 

20 




100 

50 


150 

ppm/°C 

Line Regulation 

6V £ V in <: 30V 

0.03 




HI 

0.04 

0.2 

Hi 

% max 

(Note 14) 

(Note 15) 





1 



■ 

% max 

Load Regulation 

100 jaA <.\ l £ 100 mA 

0.04 

0.1 

0.04 

0.1 

■H 

0.1 

0.2 


% max 

(Note 14) 



0.3 



H 



0.3 

% max 

Dropout Voltage 

l L = 100 jaA 

50 

80 

50 

80 


50 

80 


mV max 

(Note 5) 



150 



150 



150 

mV max 


l L = 100 mA 


450 

380 



380 

450 


mV max 




600 






600 

mV max 

Ground 

l L = 100 ]aA 

75 

120 

75 

120 



KISH 



Current 



140 



140 






l L = 100 mA 

8 

12 







mA max 




14 





■i 

14 

mA max 

Dropout 

V in = 4.5V 

110 

170 

110 

170 


110 

170 


jaA max 

Ground Current 

l L = 100 juA 


200 



200 



200 

jaA max 

Current Limit 

< 

o 

= 

II 

o 

160 

200 











220 



220 





Thermal Regulation 

(Note 13) 

0.05 

0.2 


0.2 


0.05 

0.2 


%/W max 

Output Noise, 

C L = 1 |aF 

430 


430 



430 



/aV rms 

10 Hz to 100 KHz 

C L = 200 ,xF 

160 


160 






jaV rms 


C L = 3.3 /xF 
(Bypass = 0.01 |aF 

Pins 7 to 1 (LP2951)) 


■ 


■ 

■ 

100 

■ 

■ 


8-Pin Versions only 


| LP2951 i 

1 LP2951AC 

| LP2951C 


Reference 


1.235 


1 1.235 




1.26 


V max 

Voltage 









1.27 

V max 









1.21 


V min 




. 






1.2 

V min 

Reference 

(Note 7) 


1.27 



1.27 



1.285 

V max 

Voltage 



1.19 



1.19 



1.185 

V min 
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Electrical Characteristics (Note d (continued) 

Parameter 

Conditions 

(Note 2) 

LP2951 

LP2951AC 

LP2951C 

Units 

Typ 

Tested 

Limit 

(Note 3) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

8-Pin Versions only (Continued) | 

Feedback Pin 

Bias Current 


20 

40 

60 

20 

40 

60 

20 

40 

60 

nA max 
nA max 

Reference Voltage 
Temperature Coefficient 

(Note 12) 

20 


20 



50 



ppm/°C 

Feedback Pin Bias 
Current Temperature 
Coefficient 


0.1 


0.1 



0.1 



nA/°C 

Error Comparator | 

Output Leakage 

Current 

V 0 H = 30V 

0.01 

1 

2 

0.01 

1 

2 

0.01 

1 

2 

jllA max 
jliA max 

Output Low 

Voltage 

V in = 4.5V 

Iol = 400 jaA 

150 

250 

400 

150 

250 

400 

150 

250 

400 

mV max 
mV max 

Upper Threshold 

Voltage 

(Note 6) 

60 

40 

25 

60 

40 

25 

60 

40 

25 

mV min 
mV min 

Lower Threshold 

Voltage 

(Note 6) 

75 

95 

140 

75 

95 

140 

75 

95 

140 

mV max 
mV max 

Hysteresis 

(Note 6) 

15 


15 



15 



mV 

Shutdown Input j 

Input 

Logic 

Voltage 

Low (Regulator ON) 
High (Regulator OFF) 

1.3 

0.6 

2.0 

1.3 


0.7 

2.0 

1.3 


0.7 

2.0 

V 

V max 

V min 

Shutdown Pin 

Input Current 

Vshutdown = 2.4 V 

30 

50 

100 

30 

50 

100 

30 

50 

100 

£ 3 

E E 
< < 
3. i 

Vshutdown = 30V 

450 

600 

750 

450 

600 

750 

450 

600 

750 

jllA max 
jliA max 

Regulator 

Output Current 
in Shutdown 

(Note 11) 

3 

10 

20 

3 

10 

20 

3 

10 

20 

jllA max 
jaA max 

Note 1: Boldface limits apply at temperature extremes. 

Note 2: Unless otherwise specified all limits guaranteed for Tj = 25°C, Vj n = 6V, l|_ = 100 ju,A and Cl = 1 jxF. Additional conditions for the 8-pin versions are 
Feedback tied to 5V Tap and Output tied to Output Sense (V out = 5V) and V S h U tdown ^ 0.8 V. 

Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 5: Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value measured at IV differential. 

At very low values of programmed output voltage, the minimum input supply voltage of 2 V (2.3V over temperature) must be taken into account. 

Note 6: Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal reference voltage measured at 6V 
input. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain = V out /V re f = (R1 + R2)/R2. For example, at a 
programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops by 95 mV X 5V/1.235V = 384 mV. Thresholds remain constant 
as a percent of V ou t as V out is varied, with the dropout warning occurring at typically 5% below nominal, 7.5% guaranteed. 

Note 7: V ref £ V out ^ (V in - IV), 2.3V <; V in £ 30V, 100 jaA £ l L £ 100 mA, Tj <: Tjmax- 

Note 8: The junction-to-ambient thermal resistance of the TO-92 package is 180°C/W with 0.4" leads and 160°C/W with 0.25" leads to a PC board. The thermal 
resistance of the 8-pin DIP packages is 105°C/W for the molded plastic (N) and 130°C/W for the cerdip (J) junction to ambient when soldered directly to a PC 
board. Thermal resistance for the metal can (H) is 160°C/W junction to ambient and 20°C/W junction to case. Junction to ambient thermal resistance for the S.O. 

(M) package is 160°C/W. 

Note 9: May exceed input supply voltage. 

Note 10: When used in dual-supply systems where the output terminal sees loads returned to a negative supply, the output voltage should be diode-clamped to 
ground. 

Note 11: V S hutdown ^ 2V, Vj n ^ 30V, V ou t = 0, Feedback pin tied to 5V Tap. 

Note 12: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range. 

Note 13: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or line regulation 
effects. Specifications are for a 50 mA load pulse at Vin = 30V (1.25W pulse) for T = 10 ms. 

Note 14: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. 

Note 15: Line regulation for the LP2951 is tested at 150°C for II = 1 mA. For II = 100 juA and Tj = 125°C, line regulation is guaranteed by design to 0.2%. See 
Typical Performance Characteristics for line regulation versus temperature and load current. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Typical Performance Characteristics (Continued) 
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Application Hints 

EXTERNAL CAPACITORS 

A 1.0 jmf (or greater) capacitor is required between the 
LP2950/LP2951 output and ground for stability. Without this 
capacitor the part will oscillate. Most types of tantalum or 
aluminum electrolytics work fine here; even film types work 
but are not recommended for reasons of cost. Many alumi- 
num electrolytics have electrolytes that freeze at about 
— 30°C, so solid tantalums are recommended for operation 
below — 25°C. The important parameters of the capacitor 
are an ESR of about 5 ft or less and a resonant frequency 
above 500 kHz. The value of this capacitor may be in- 
creased without limit. 

At lower values of output current, less output capacitance is 
required for stability. The capacitor can be reduced to 0.33 
ju.f for currents below 10 mA or 0.1 jmf for currents below 
1 mA. Using the 8-Pin versions at voltages below 5V runs 



o 






0 10 20 30 40 50 


TIME (ms) 


TL/H/8546-5 


the error amplifier at lower gains so that more output capaci- 
tance is needed. For the worst-case situation of a 100 mA 
load at 1 .23V output (Output shorted to Feedback) a 3.3 jmf 
(or greater) capacitor should be used. 

Unlike many other regulators, the L2950 will remain stable 
and in regulation with no load in addition to the internal volt- 
age divider. This is especially important in CMOS RAM 
keep-alive applications. When setting the output voltage of 
the LP2951 version with external resistors, a minimum load 
of 1 julA is recommended. 

A 0.1 juf capacitor should be placed from the 
LP2950/LP2951 input to ground if there is more than 10 
inches of wire between the input and the AC filter capacitor 
or if a battery is used as the input. 

Stray capacitance to the LP2951 Feedback terminal (pin 7) 
can cause instability. This may especially be a problem 
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Application Hints (Continued) 

when using high value external resistors to set the output 
voltage. Adding a 100 pf capacitor between Output and 
Feedback and increasing the output capacitor to at least 3.3 
juf will fix this problem. 

ERROR DETECTION COMPARATOR OUTPUT 

The comparator produces a logic low output whenever the 
LP2951 output falls out of regulation by more than approxi- 
mately 5%. This figure is the comparator’s built-in offset of 
about 60 mV divided by the 1.235 reference voltage. (Refer 
to the block diagram in the front of the datasheet.) This trip 
level remains “5% below normal” regardless of the pro- 
grammed output voltage of the 2951 . For example, the error 
flag trip level is typically 4.75V for a 5V output or 1 1 .4V for a 
12V output. The out of regulation condition may be due ei- 
ther to low input voltage, current limiting, or thermal limiting. 
Figure 1 below gives a timing diagram depicting the ERROR 
signal and the regulated outp ut voltag e as the LP2951 input 
is ramped up and down. The ERROR signal becomes valid 
(low) at about 1 .3V input. It goes high at about 5V input (the 
input voltage at which Vout = 4.75). Since the LP2951’s 
dropout voltage is load-dependent (see curve in typical per- 
formance characteristics), the input voltage trip point (about 
5 V) will vary with the load current. The output voltage trip 
point (approx. 4.75V) does not vary with load. 

The error comparator has an open-collector output which 
requires an external pullup resistor. This resistor may be 
returned to the 5V output or some other supply voltage de- 
pending on system requirements. In determining a value for 
this resistor, note that while the output is rated to sink 400 
ix A, this sink current adds to battery drain in a low battery 
condition. Suggested values range from 100k to 1 MH. The 
resistor is not required if this output is unused. 

PROGRAMMING THE OUTPUT VOLTAGE (LP2951) 

The LP2951 may be pin-strapped for 5V using its internal 
voltage divider by tying Pin 1 (output) to Pin 2 (sense) and 
Pin 7 (feedback) to Pin 6 (5V Tap). Alternatively, it may be 
programmed for any output voltage between its 1 .235V ref- 
erence and its 30V maximum rating. As seen in Figure 2, an 
external pair of resistors is required. 



*ln shutdown mode, ERROR will go high if it has been pulled up to an 
external 5 V supply. To avoid this invalid response, ERROR should be 
pulled up to Vqut (see Figure 2). 

FIGURE 1. ERROR Output Timing 


The complete equation for the output voltage is 

Vout = Vref* (i + + Ifb^i 

where Vref is the nominal 1.235 reference voltage and Irb 
is the feedback pin bias current, nominally -20 nA. The 
minimum recommended load current of 1 /xA forces an up- 
per limit of 1.2 MH on the value of R 2 , if the regulator must 
work with no load (a condition often found in CMOS in 
standby). Irb will produce a 2% typical error in Vqut which 
may be eliminated at room temperature by trimming R-|. For 
better accuracy, choosing R 2 = 100k reduces this error to 
0.17% while increasing the resistor program current to 12 
julA. Since the LP2951 typically draws 60 jaA at no load with 
Pin 2 open-circuited, this is a small price to pay. 


REDUCING OUTPUT NOISE 


In reference applications it may be advantageous to reduce 
the AC noise present at the output. One method is to reduce 
the regulator bandwidth by increasing the size of the output 
capacitor. This is the only way noise can be reduced on the 
3 lead LP2950 but is relatively inefficient, as increasing the 
capacitor from 1 juF to 220 juF only decreases the noise 
from 430 ju,V to 1 60 jxV rms for a 1 00 kHz bandwidth at 5 V 
output. 

Noise can be reduced fourfold by a bypass capacitor ac- 
cross Ri , since it reduces the high frequency gain from 4 to 
unity. Pick 


Cbypass - 


1 

ZttRi • 200 Hz 


or about 0.01 /xF. When doing this, the output capacitor 
must be increased to 3.3 jaF to maintain stability. These 
changes reduce the output noise from 430 /xV to 100 julV 
rms for a 1 00 kHz bandwidth at 5 V output. With the bypass 
capacitor added, noise no longer scales with output voltage 
so that improvements are more dramatic at higher output 
voltages. 


+ v,n 



•See Application Hints 
Vou, = V Ref ( 1 +5i) 

••Drive with TTL-high to shut down. Ground or leave open if shutdown fea- 
ture is not to be used. 

Note: Pins 2 and 6 are left open. 
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Typical Applications 


UNREGULATED 

INPUT 


1A Regulator with 1.2V Dropout 

101(11^0.01^4= , 


. r 


5V 

IN 


TAP 

LP2951 


FB 

GND 

OUT 


£ 0.002 mF| 


: ^ 2kn 

JL I Q - 400 /iA 


300 mA Regulator with 0.75V Dropout 


Wide Input Voltage Range Current 
Limiter 
+v, N 


* 33011 

— J-AVVr 

< 27 kJd 


f 1 ► 5V 

T T w OUTPUT 

+1 A LOAD 

M 50 mA TO 
T 300 mA 


ERROR 5 1 
OUTPUT 1 


SHUTDOWN 3 
INPUT 



LIMUm v 0UT 

LP2951 

SD 

GND FB 

“IT IT 


TL/H/8546-9 

•Minimum input-output voltage ranges from 
40 mV to 400 mV, depending on load current. 
Current limit is typically 160 mA. 


5 Volt Current Limiter 

5V BUS 


+ V,N 


LP2950Z 

*V 0UT »5V 

Vniir 

T 0UT 

+ 

GND 

=1=1 mf 


•Minimum input-output voltage ranges from 40 mV to 400 mV, depending on 
load current. Current limit is typically 160 mA. 
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Typical Applications (Continued) 


Regulator with Early Warning 
and Auxiliary Output 



■ Early warning flag on low input voltage 

■ Main output latches off at lower input voltages 

■ Battery backup on auxiliary output 

Operation: Reg. # 1 ’s V out is programmed one diode drop above 5V. Its error 
flag becomes active when Vj n £ 5.7V. When Vj n drops below 5.3V, the error 
flag of Reg. #2 becomes active and via Q1 latches the main output off. 
When Vj n again exceeds 5.7V Reg. #1 is back in regulation and the early 
warning signal rises, unlatching Reg. #2 via D3. 


Latch Off When Error Flag Occurs 



2 Ampere Low Dropout Regulator 



For 5V 0Ut , use internal resistors. Wire pin 6 to 7, & wire pin 2 to + V out Buss. 

5V Regulator with 2.5V Sleep Function 

+ V,N 



*High input lowers V ou t to 2.5V TL/H/8546-14 

Open Circuit Detector for 
4 — ► 20 m A Current Loop 


+5V 
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Typical Applications (Continued) 


Regulator with State-of-Charge Indicator 



•Optional Latch off when drop out occurs. Adjust R3 for C2 Switching when Vj n is 6.0V. 
“Outputs go low when V| n drops below designated thresholds. 


TL/H/8546-16 


Low Battery Disconnect 

For values shown, Regulator shuts down when Vj n < 5.5V and turns on again at 6.0V. Current drain in disconnected mode is ~ 150 juA. 



•Sets disconnect Voltage TL/H/8546- 1 7 

••Sets disconnect Hysteresis 
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Typical Applications (Continued) 


System Overtemperature Protection Circuit 

+ V,N 



TL/H/8546-18 

LM34 for 125°F Shutdown 
LM35 for 125°C Shutdown 
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Switching Voltage Regulators 


Amps 

Device 

Operation Modes 

V| N Range 

Package 

7.0 

tHS7107CK 

tHS7067CK 

Step-Down, Invert, Flyback 
Step-Down, Invert, Flyback 

10V- 100V 

10V- 60V 

TO-3 

TO-3 

5.0 

LH1605CK 

Step-Down 


TO-3 

3.0 

LM2579 

Step-Up, Step-Down, Invert 

2V-50V 

TO-220 

1.5 

tLM78S40CN 

Step-Up, Step-Down, Invert 

2.5V-40V 

16-Pin DIP 

1.0 

LM 1575-5.0 

Step-Down 

8V-40V 

TO-220 

0.75 

tLM1578H 

LM2578H, N 
LM3578N, H, M 

Step-Up, Step-Down, 

Invert, Flyback 

2V-40V 

TO-39, 

8-Pin DIP 

SO-8 

0.05 

LMC7660IN 

Invert 

1.5V-10V 

8-Pin DIP 

Switching Controllers 


Device 

Title 

Package 


LM 1524/2524/3524 

LM1525A/3525A 

LM1527A/3527A 

LM494 

Switching Regulator 

Switching Regulator 

Switching Regulator 

Pulse Width Modulated 

Control Circuit 

16-Pin Plastic DIP, SO-16 

16-Pin Ceramic DIP 

16-Pin Plastic DIP 

16-Pin Ceramic DIP 

16-Pin Plastic DIP 

16-Pin Ceramic DIP 

1 6-Pin Plastic and 

Ceramic DIP 


tMilitary qualified device. For more information, consult the Military/ Aerospace Selection Guide. 
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HS7067/HS7107 


National preliminary 

Semiconductor 

HS7067/HS7107 7 Amp, Multimode, High Efficiency 
Switching Regulator 

General Description 

The HS7067/HS7107 is a hybrid high efficiency switching 
regulator with high output current capability. The device is 
housed in a standard TO-3 package containing a tempera- 
ture compensated voltage reference, a pulse-width modula- 
tor with programmable oscillator frequency, error amplifier, 
high current, high voltage output switch and steering diode. 

The HS7067/HS7107 operates in a step-down, inverting, as 
well as in a transformer-coupled mode. 

The HS7067/HS7107 can supply up to 7A of continuous 
output current over a wide range of input and output volt- 
ages. 


Features 

■ HS7067— 10V to 60V input 

■ HS7107— 10V to 100V input 

■ 7 A continuous output current 

■ Step-down, inverting, and transformer-coupled operation 

■ Frequency adjustable to 200 kHz 

■ High-efficiency (>75%) 

■ Standard 8-pin TO-3 package 



Block and Connection Diagrams 



TL/K/6746-1 


Metal Can Package 



TL/K/6746- 


5-2 


Order Number HS7067CK, HS7067K, 
HS7107CK or HS7107K 
See NS Package Number K08A 







Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

V|n, Input Voltage 

HS7067 65V 

HS7107 105V 

•out. Output Current 8A 

Tj, Operating Temperature 1 50°C 

Pd, Internal Power Dissipation 25 W 


Ta, Operating Temperature Range 
HS7067C/7107C 
HS7067/7107 

Tstg, Storage Temperature Range 
Vr(V 8 _ 7 ), 

Steering Diode Reverse Voltage 
lDd7-8). 

Steering Diode Forward Current 


— 25°C to + 85°C 
-55°Cto + 1 25°C 
-65°C to + 1 50°C 


Electrical Characteristics Tc = 25°C, Vin = 20V (unless otherwise specified) 


Symbol 






Switch Saturation Voltage 


Steering Diode On Voltage 


Supply Voltage Range H 

(Note 7) 

Steering Diode Reverse Current 
Quiescent Current (Note 3) 

Reference Voltage on Pin 2 
Clock Output High 
Clock Output Low 


Line Regulation of 
Reference Voltage on Pin 2 


Resistance on Pin 3 to Ground 


Feedback Resistor RfTol. ±1% 

Voltage Swing — Pin 4 
Charging Current— Pin 4 
Clock Input Current — Pin 6 


Transistor Current Rise Time 


Transistor Current Fall Time 


Conditions 


iov <; V| N ^ V| N( max) 
Iout = 2A (Note 6) 


l c = 7.0A,V| N = 10V 


l c = 2.0A, V| N = 10V 
l D = 7.0A 


HS7107 

HS7607 

HS7107 

HS7607 


HS7067 

HS7107 


Ip = 2.0A 

Tmin ^ Ta ^ Tmax 

Tmin ^ Ta ^ t max 

Vr = 100V 

0% Duty Cycle (V 3 = 3.0V) 
100% Duty Cycle (V 3 = 0V) 

Tmin ^ t a ^ t M ax 

Iclk = -750 /xA 

ICLK = 80 fxA 


VmIN ^ V IN ^ Vmax 


(Note 4) 


HS7107 

HS7067 


VCLK = 3.5V 


Ip = 2.0A (Note 6) 


l 0 = 7.0A (Note 6) 


Ip = 2.0A (Note 6) 
Ip = 7.0A (Note 6) 



Diode Storage Time 

Ip = 7.0A (Note 6) 

Delay Time 

Ip = 7.0A (Note 6) 

Max Clock Frequency 

(Note 5) 


Typ Max 


3.0 



HS7067/HS7107 
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Electrical Characteristics Tc = 25°C, Vin = 20V (unless otherwise specified) (Continued) 




Symbol 

Parameter 

Conditions 

Min 




ZpiNI 

Impedance at Pin 1 

(Note 6) 





V 

Efficiency 

Vout = 5V 
Iout = 1A 

f 0 = 25 kHz (Note 6) 




% 

f 0 = 200 kHz (Note 5) 


70 


% 

0JC 

Thermal Resistance 

(Note 1 ) 


4.0 


°c/w 


Note 1: 0ja is typically 35°C/W for natural convection cooling. 

Note 2: Vout and Iout refer to the output DC voltage and output current of a switching supply after the output LC filter as shown in Figure 1. 
Note 3: Quiescent current depends on the duty cycle of the switching translator. 

Note 4: This test includes the input bias current of the error amplifier. 

Note 5: Circuit configured as shown in Figure 1. 

Note 6: These parameters are not tested. They are given for informational purposes only. 

Note 7: Functionally tested at limits only (pass-fail). 


Typical Performance Characteristics 


Power Derating Curve 



AMBIENT TEMPERATURE (°C) 


Frequency vs Timing 
Capacitance 



Typical Compensation 



2k 20k 

Rc (0) TL/K/6746-3 


0JC = 4°C/W = 1 = [ 200k 1 

0JA = 35°C/W ° 10k X C T C LV| N (MAX) J 

„ i/lc x Vio,. 
Cc r^ f 


Typical Applications 

THE BUCK CONVERTER (Step Down) 

The buck converter is the most common application in 
switching-power conversion. It allows to step down a volt- 
age with a minimum of components and a maximum of effi- 
ciency (for further information on the theory of operation of 
a buck converter, see AN-343). 


f 0 

25 kHz 

200 kHz 

L 

86 juH 

21 jmH 

Ct 

0.0039 ju.F 

330 pF 

c c 

0.2 jutF 

0.068 jlcF 

Rf 

4 k CL 

4kll 

Rc 

5.7 kH 

5.7 kft 

Gout 

1500 julF 

680 fxF 


V| N = 10V to 35V Load Regulation - 40 mV 

Vout = 5V Line Regulation = 5 mV 

Iqut = 1A to 6A 
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Typical Applications (Continued) 

Design equations: 

Following are the design equations for a buck converter ap- 
plication using the HS 7107/7067: 


C 1 

T 104 x f G 

I = ( V IN(MAX)~ V 0) V 0 
M ' N V, N( maX) X f 0 X Al 


C MIN = 


Al 


4 fo ( e O — Al X ESR) 


Cc = 


VToX c 

Rc 


(Note 7, 9) 
(Note 8, 9) 


Capacitor Losses (Pc) 

Diode DC Losses (Pd) 

P D = Vf X Iq X (1 - D) 

Drive Circuit Losses (DJ 

D L = 0.02 X V| N X D 
Inductor Losses (P[_) 

P L = lo 2 X Rl (DC winding resistance) 
Power Output (Pq) 


R - 2x105 
V|N(MAX) 

*-*(W 

Note 7: I_min is the minimum value of output filter inductance, L, for stable 
operation. 

Note 8: Cmin is the minimum value of output filter capacitance, C, necessary 
to achieve an output ripple voltage, eo- ESR is the Effective Series 
Resistance of the output filter capacitor, C, at the operating frequen- 
cy, fo- 

Note 9: Al = Peak to Peak Ripple current through the inductor and the 
Al Al 

capacitor. — < l Q MIN and — < 7 - 1 0 max- 


„ ((V|N - Vs) toN) - ((Vf) fOFF) w , 

Po = : — — X l 0 

toN + tOFF 

Efficiency (17) 

T) = fo Pg 

P|N Po + Py +Ps + Pd + &L + P|_ + Pc 
TRANSFORMER COUPLED CONVERTERS 
In addition to the implementation of a buck converter, the 
HS 7107/7067 can be used in various transformer coupled 
configurations. They can be used in various topologies such 
as: step-up, step-down, inverter, multiple outputs and isolat- 
ed converters. 


Efficiency Equations 

Since high efficiency is the principal advantage of switched- 
mode power conversion, switching regulator losses are an 
important design concern. Losses and efficiency of a buck 
converter can be calculated with the following equations. 

Note: Pin 7 is grounded; Iq = average output current at pin 8 
Switching Period (T) 

T = 7" = tQN + tOFF 
fo 

Duty Cycle (D) 


D = fQN = Vq + Vf 
*ON + *OFF V| N - V S + V F 
Transistor DC Losses (Pj) 

Pt = Vs X Iq X D 
Transistor Switching Losses (Ps) 


Ps 


(V| N + Vp) X 


, w (tr + tf + 2ts)f 0 
, 0 x 


There are basically two different methods in implementing 
transformer coupled converters: the flyback and the toward 
topology 

The Flyback Principle 

Figure 1 shows a functional diagram of a flyback converter. 
Depending on the turn ratio N2/N1 and the feedback volt- 
age, it can be implemented as a step-down or step-up con- 
verter. 

When the switch is on, the current (l p ) flows through the 
primary winding creating a magnetic flux in the core and 
storing the energy. At this time, the voltage at the secondary 
keeps the same polarity (with respect to the dotted termi- 
nals), the diode is off and no current flows through it. When 
the switch is off, the voltage at the secondary and primary 
becomes reversed and the diode turns-on (Id). The stored 
energy is then transferred to the load and the output filter 
capacitor. The energy stored in the capacitor will supply the 
load current during the next turn-on. 
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Typical Applications (Continued) 


V p = Voltage at primary 

V as = Voltage across the switch 

V s = Voltage at the secondary 

Ip = Current at primary 

Id = Current through diode 

l c = Current through output cap 

lout = Output current of the converter 
Al = Ripple current 

D ~ T 0 n /(T 0 ff + T on ) 

F = Switching frequency 

Vdf = Forward voltage drop of the diode 

Vi = V out X N!/N 2 V 2 = V in + V out rVNj, 

V 3 = Saturation voltage of the switch 

V 4 = Vout + V d , V 5 = V in X N 2 /Ni 


The load current is not supplied directly by the input source 
when the switch is on, but only by the energy stored in the 
output capacitor. The output voltage is monitored by the 
feedback loop which controls the duty cycle (D) through the 
PWM (Pulse Width Modulator) which in turn, modulates the 
amount of energy being transferred from the input to the 
output. Figure 2 shows the waveforms of a continuous 
mode flyback converter (primary current l p is DC biased). 




TL/K/6746-6 

FIGURE 2. Typical Flyback Waveforms 


The Forward Principle 

The forward converter is a little more complex and requires 
more components than the flyback, but the output ripple 
voltage is smaller. Figure 3 shows a simplified diagram of a 
forward converter. 

When the switch turns-on, a voltage V5 = Vi X N2/N1 
appears at the secondary of the transformer. The diode D2 



FIGURE 3. Typical Forward Functional Diagram 
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Typical Applications (Continued) 

is off while D-( turns-on, allowing the current to flow through 
the inductor L ( 1 ^ and IJ, storing energy in its core, and 
supplying the load current (l ou t) and the capacitor current 
(l c ) at the same time. When the switch turns-off, the mag- 
netic energy stored in the core of the inductor creates a 
current (Id2) which flows through the diode D2. The load 
current l ou t therefore, equals to Id2 + >c* 

During the “off” time of the switch, some residual magnet- 
ism will stay in the core of the transformer and has to be 
removed before the next cycle, so that it does not accumu- 
late, leading to core saturation. 

A demagnetizing winding is used to “dump” the residual 
energy back to the input or output of the converter. The 


V p = Voltage at primary 

Vas = Voltage across the switch 

V s = Voltage at secondary 

Ip = Current at primary 

Idi = Current through diode Di 

Id 2 = Current through diode D 2 

id 3 = Current through diode D 3 

II = Current through inductor L 

l c = Current through output cap 

l out = Output current of the converter 

A| = Ripple current 

F = Switching frequency 

D = T on / (T 0 ff + T on ) 

V! =V in X IVNg V 3 - V in 
V 2 = V in + Vi 

V 4 = Saturation voltage of the switch 

V 5 = V in X Ng/Ni V 6 = V in X N 2 /N 3 

Figure 4 shows the waveforms of the forward converter. 

When the switch is off, V as = Vj n + (Vj n x N1/N3) during 

the demagnetization time Od) and then, drops to V as = V, n 

as indicated in Figure 4. 


functional principle of the demagnetizing winding is similar 
to the flyback in the sense that, during the turn-off time, the 
residual magnetism will generate a reverse voltage at the 
demagnetizing winding (with respect to the dotted terminals) 
turning on the diode D3. 

In the forward mode, when the switch is off, the load current 
is supplied by the energy stored in the output capacitor and 
the choke inductor but when the switch is on, it is supplied 
by the input source through the transformer. This accounts 
for the lower output ripple voltage. 

The output voltage is monitored by the feedback loop, 
which controls the duty cycle through the PWM, which in 
turn modulates the amount of energy being transferred from 
the input to the output. 




'di 

'd2 


A A A A 


>03 


Jb* 

t 
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FIGURE 4. Typical Forward Waveforms 
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Typical Applications (Continued) 

With both flyback and forward topologies, it is possible to 
design an inverting converter by using an external op-amp 
(i Figure 5). 



TL/K/6746-10 

FIGURE 5 


Flyback Step-Up Application 

Figure 6 shows flyback converter in a step-up mode where 
an input voltage of + 12V to + 30V will be converted into a 
regulated output voltage of + 50 V. 


Performance Data 


Parameter 

Conditions 

Result 

Efficiency 

V ou t = 50V @300 mA 

V in = 15V 

82% 

Line Regulation 

V ou t = 50V @300 mA 

12V <; V in £ 30V 

0.2% 

Load Regulation 

V in = 15V 

Vout = 50V 

50 mA ^ l ou t ^ 300 mA 

0.2% 


Isolated Flyback Converter 

Figure 7 shows an isolated flyback converter using a sense 
winding for feedback. Although, in practice the line regula- 
tion is acceptable, the load regulation can be marginal if the 
coupling between the windings is poor. However, the sense 
winding cannot detect any ohmic voltage drop in the main 
output so, a heavier gauge wire should be used to reduce 
this regulation error. Also, the sense winding will not sense 
the non-linear voltage drop across the diode, and this ac- 
counts for most of the load regulation inaccuracy. There- 
fore, the sense winding method is only recommended for 
applications where load variations are small. 

Figure 7 shows an isolated flyback converter with an output 
of 5 V at 2A. The input voltage range is from + 10V to 
+ 40V. The output can be adjusted to +5V by using the 
5 kH trimpot. 


Performance Data 


Parameter 

Conditions 

Result 

Efficiency 

Vout = 5V @ 2A 

V in = 30V 

75% 

Line Regulation 

Vout = 5V @ 2A 

10V £ V in ^ 40V 

5% 

Load Regulation 

V in = 30V 

1A ^ lout ^ 2A 

7% 


Isolated Forward Converter 

As described previously, forward converters exhibit lower 
output ripple voltage and the opto-coupler feedback 
scheme provides good regulation as well as input to output 
isolation. 

An opto-coupler feedback is usually difficult to implement 
because the transfer function of the opto-coupler is non-lin- 
ear, the current transfer ratio changes with time and temper- 
ture and also from one unit to another. Figure 8 shows the 
circuit diagram of a 5V @ 3A power converter with an input 
voltage range of +14V to +30V using an isolated forward 
topology. 



50V 

@300 mA 


0V 


TL/K/6746-1 1 

A 12V to 60V input Voltage Range is possible by replacing the HS7067 with a HS7107. The converter will operate in a discontinuous mode above 30V with a 
300 mA load (the transformer’s secondary current drops to zero before the switch turns on) and therefore, may generate more switching noise. 


FIGURE 6. Flyback Step-Up Converter 
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Typical Applications (Continued) 

An LM 385z (adjustable reference) is used as a comparator 
and error amplifier. This reference always wants to maintain 
1 .2V between pins 1 and 2 and will draw as much current as 
necessary from the opto-coupler to achieve this. Therefore, 
the feedback loop is virtually independent of the gain of the 
opto-coupler. 

Performance Data 

Parameter Conditions Result 

Efficiency V out = 5V @ 3A 


Load Regulation 


Isolated Telecom Converter 

Figure 9 shows an isolated triple output converter which will 
transform a positive or negative input voltage of 32V to 60V 
to an uncommitted triple output of +12V, -12V, and 5 V, 
which may be later referenced to the system ground. This 
converter is ideal for a step down converter of high positive 
voltage or high negative voltage such as -48V used in tele- 
com circuits. 


Conditions 

Result 

V ou t = 5V @ 3A 

V in = 30V 

78% 

Vout = 5V @ 3A 

14V <; V in <; 30V 

0.1% 

< 

0 
c 

II 

01 
< 


V in = 20V 

0.5A ^ lout ^ 3A 

0.1% 


Performance Data 
Parameter 

Efficiency 


Line Regulation 
on Main Secondary 



Load Regulation 
on 12V Secondary 
for Simultaneous 
Load Changes 


Conditions 

Vi = 5.1V @2A 
V 2 = -12V @ 150 mA 
V 3 = 12V @ 100 mA 
IVinl = 48V 
40V <: |V in | ^ 60V 
Vi = 5.1V @2A 
V 2 = -12V @ 150 mA 
V 3 = + 12V @ 150 mA 


IVjnl = 48V 
Vi = 5.1V 
V 2 = 12V @ 150 mA 
V 3 = 12V @ 150 mA 
0.5 ^ lout ^ 2A 


IVjnl = 48V 
Vi = 5.1V @2A 
V 2 = -12V 
V 3 = 12V 

75 mA ^ l ou t ^ 150 mA 





Di = D 2 = D 3 Unitrode UES1302 
T = Pulse Engineering PE64379 
f 0 = 100 kHz 




4N27 

Note 10: An input voltage of -10V to -30V may cause the transformer to operate at a higher temperature at full load. 


* ELECTROLYTIC CAPACITOR 

TL/K/6746-14 


FIGURE 9. Telecom Flyback Converter 
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Application Hints 

DUTY CYCLE LIMITING 

In a flyback converter, the error amplifier sees OV at the 
output of the converter during the initial turn-on, and forces 
the duty cycle to 100% until it sees the output voltage rising 
to the final value; but no voltage will appear if the switch 
does not turn off (see flyback principle). The result is that 
the core will saturate, reducing the effective impedance of 
the transformer to about OH, and destroying the pass tran- 
sistor. To prevent this, the duty cycle must be limited to a 
value at which the core does not saturate. A diode connect- 
ed between pins 1 and 2 {Figure 10), will limit the duty cycle 
to about 80%. 






HS7067 

1 2 




1 



X " 1 

-j- 1N914 


i i 

• • 


TL/K/6746-15 

FIGURE 10. Duty Cycle Limiting Circuit 
SOFT START 

For any converter, connecting a large capacitor (20 to 
200 julF) between pin 2 and the case is recommended to 
allow the reference voltage to slowly reach its final value 
after start-up. This allows the HS 7067/7107 to start-up 
smoothly and minimizes the inrush current. The time con- 
stant can be calculated by: 

T = 103 x C 

It is always a good practice to incorporate soft start and duty 
cycle limiting when designing a switching power converter, 
especially when a current limit circuitry is not utilized. 

CURRENT LIMIT 

The schematic in Figure 1 1 shows how to protect the pass 
transistor against excessive current, by sensing the current 
through a series resistor, and shorting the PWM control volt- 
age at pin 1 to ground, using transistor 2N5772 (this is made 
possible by the 5 Mft output impedance of the error amplifi- 
er), which will cause the pass transistor to turn off. 



TL/K/6746-16 

FIGURE 11. Current Limit Circuitry 


The sense resistor should be a low inductance type, other- 
wise the series inductance creates a high impedance at 
transients and activates the shutdown circuitry. If such a 
resistor cannot be found, a 0.1 juF connected in parallel with 
it will compensate the series inductance. 

When such a circuitry is used, the duty cycle limiting diode 
becomes optional, but the soft start capacitor should still be 
at least 1 0 ju,F. 

DECOUPLING AND GROUNDING 

Special attention should be given to the decoupling of the 
HS 7107/7067 itself at the input (pin 5), where the capacitor 
must be at least 100 /xF and connected as close to the 
device as possible. Large switching spikes at the input of 
the pass transistor can cause breakdown of the junction 
and destroy the device. (See Figure 12.) 

The waveform at the top of the picture represents the volt- 
age across the switch of a typical BUCK (step down) con- 
verter. When the switch is turned off, the current in the in- 
ductor falls to zero (see waveform at the bottom) and a 
switching spike occurs across the switch. This spike can 
reach several tens of volts on top of the normally expected 
voltage across the switch and lead to stress on the device if 
the overall voltage exceeds the maximum rating. 

The picture below shows a spike of about ten volts with a 
330 jliF capacitor of average quality. 


VOLTAGE ACROSS 
PIN 5 & PIN 8 


CURRENT 

THROUGH 

SWITCH 



VERTICAL SCALE: 20 VOLTS /DIV 
HORIZONTAL SCALE: 2 /xS/DIV 

TL/K/6746-17 

FIGURE 12 

The reference voltage (pin 2) must be decoupled with at 
least 10 julF and the compensation network (pin 1) should 
be decoupled with a ceramic capacitor of 1 nF to 10 nF. 
Switching noise on the reference voltage pin (pin 2) or on 
the compensation pin (pin 1 ) can create different types of 
oscillations and instabilities. 

Because of the high current and high voltage capability of 
the HS 7107/7067 a single point grounding or, at least a 
grounding where the force ground is separated from the 
circuit ground, is highly recommended. 


Ordering Information (Transformers and Inductors) 

PULSE ENGINEERING INC. Tel: (619) 268-2400 

7250 Convoy Court TWX: 91 0-335-1 527 

San Diego, CA 921 1 1 FAX: 61 9 268-251 5 

USA 
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LH 1 605/LH 1 605C 



National 

Semiconductor 


PRELIMINARY 


LH1 605/LH 1605C 

5 Amp, High Efficiency Switching Regulator 


General Description 

The LH1605 is a hybrid switching regulator with high output 
current capabilities. It incorporates a temperature-compen- 
sated voltage reference, a duty cycle modulator with the 
oscillator frequency programmable, error amplifier, high cur- 
rent-high voltage output switch, and a power diode. The 
LH1605 can supply up to 5A of output current over a wide 
range of regulated output voltage. 


Features 

■ Step down switching regulator 

■ Output adjustable from 3.0V to 30V 

■ 5A output current 

■ High efficiency 

■ Frequency adjustable to 100 kHz 

■ Standard 8-pin TO-3 package 


Block and Connection Diagrams 



Case is Ground 



TL/K/10114-2 

Top View 


Order Number LH1605K or 
LH1605CK 

See NS Package Number K08A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage (Vin) 35V max 

Output Current (lo) 6A 

Operating Temperature (Tj) 1 50° C 

Internal Power Dissipation (Pd) (Note 1 ) 20W 

Operating Temperature 0a) 

LH1605C — 25°C to + 85°C 

LH1605 — 55°C to + 125°C 


Electrical Characteristics Tc = 25°C, V|n = 15V, Vqut = 10V unless otherwise specified 


Symbol 

Characteristics 

Conditions 

LH1605 

LH1605C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

VoUT 

Output Voltage Range 

V| N ^ V 0 +5V 
l 0 = 2A 
(Note 2) 

3.0 


30 

3.0 


30 


v s 

Switch Saturation Voltage 

0 0 

II II 
ro cn 
b b 
> > 


1.6 

1.0 

2.0 

1.2 


1.6 

1.0 

2.0 

1.2 

V 

Vf 

Steering Diode On Voltage 

a 0 

II II 
ro cn 
b b 
> > 


1.2 

1.0 

2.8 

2.0 


1.2 

1.0 

2.8 

2.0 

Vin 

Supply Voltage Range 


10 


35 

10 


35 

Ir 

Steering Diode Reverse Current 

Vr = 25V 


0.1 

5.0 


0.1 

5.0 

jaA 

Iq 

Quiescent Current 

•out = 0-2A 


20 



20 


mA 

v 2 

Voltage on Pin 2 



2.5 



2.5 


V 

av 2 /at 

V 2 Temperature Coeff. 



100 



100 


ppm/°C 

v 4 

Voltage Swing — Pin 4 



3.0 



3.0 


V 

«4 

Charging Current — Pin 4 



70 



70 


jtxA 

Ra 

Resistance Pin 3 to GND 



2.0 



2.0 



ar a /at 

Resistance Temp. Coeff. 



75 



75 


ppm/°C 

tr 

Voltage Rise Time 

•OUT = 2 -0A 

IOUT = 5.0A 


350 

500 



350 

500 


ns 

tf 

Voltage Fall Time 

louT = 2.0A 

Iqut = 5.0A 


300 

400 



300 

400 


*s 

Storage Time 

IOUT = 5.0A 


1.5 





jbtS 

td 

Delay Time 


100 



100 


ns 

P D 

Power Dissipation 

VoUT = 10V 

Iqlit = 5.0A 


16 



16 


W 

V 

Efficiency 


75 



75 


% 

0JC 

Thermal Resistance (Note 1) 



5.0 







Note 1: 0ja is typically 30°C/W for natural convection cooling. 

Note 2: Vqut refers to the output voltage range of switching supply after the output LC filter as shown in the Typical Application circuit. 


Storage Temperature Range Ostg) -65°C to + 1 50°C 
Duty Cycle (D.C.) 20% to 80% 

Steering Diode Reverse Voltage 
(Vr) (V 8 _7) 60V 

Steering Diode Forward Current 
do) d7-8) 6A 
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LH1605/LH1605C 



Minimum Vim - Vqut = 5V for Proper Operation 


TL/K/10114-3 


Rs = 


2 X 1Q3 (V 0UT — 2.5) 
2.5 


V| N * 10 - 18V 
V OUT = 5V 
•OUT = 3A (Max) 
'OUT = 1A (Min) 
rj = 70% 


Load Reg. = 50 mV 
Line Reg. = 10 mV 
Ripple = 20 mV 



0 25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 

TL/K/10114-4 


Frequency vs Timing 



100 1,000 10,000 
C T - TIMING CAPACITOR (pF) 

TL/K/10114-5 


Efficiency ( 17 ) = 


Design Equations 

Ppm x 100 
Pin 


Transistor DC Losses (Pj) = Iqut x Vs 


Diode DC Losses (Pd) = loUT X Vp | 
V|K|2 

Drive Circuit Losses (Dl) = —rr* X : 


( tQM \ 

VtoN + tOFF/ 
tQFF ^ 


Ton + *off 
_Jon 


300 toN + tQFF 
Switching Losses Transistor (Ps) = V[n x Iqut x 


Transistor Duty Cycle = - — - 77 ^ 

ION + t 0 FF V !N 


tr + tf 


2(tQN + tQFF 


Diode Duty Cycle = — — = 1 - 77 ^ 
t 0 N + tOFF V|N 

Power Inductor (P|_) = Iout 2 X R|_ (Winding Resistance) 
VqutIqut 


Efficiency ( 17 ) = 


VqutIout + Pt + Pd + Dl + Ps + Pl 


x 100 % 
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National 

Semiconductor 


LM494 

Pulse Width Modulated Control Circuit 


General Description 

The LM494 is a monolithic integrated circuit which includes 
all the necessary building blocks for the design of pulse 
width modulated (PWM) switching power supplies, including 
push-pull, bridge and series configurations. The device can 
operate at switching frequencies between 1.0 kHz and 
300 kHz and output voltages up to 40V. The operating tem- 
perature range specified for the LM494C is 0°C to 70°C and 
for the LM494V is -40°C to +85°C. 


Features 

■ Uncommitted output transistors capable of 200 mA 
source or sink 

■ On-chip error amplifiers 

■ On-chip 5.0V reference 

■ Internal protection from double pulsing of outputs with 
narrow pulse widths or with supply voltages below 
specified limits 

■ Dead time control comparator 

■ Output control selects single ended or push-pull opera- 
tion 

■ Easily synchronized (slaved) to other circuits 


Block Diagram 


PULSE STEERING 
FLIP FLOP 



C0MPENSATI0N/PWM 
COMPARATOR INPUT 


Connection Diagram 

16-Lead DIP 


Ordering Information 


C0MPEN/ 
PWM COMP IN 



Device 

Code 

Package 

Code 

Package 

Description 

LM494IN 

N16A 

Molded DIP 

LM494CJ 

J16A 

Ceramic DIP 

LM494CN 

N16A 

Molded DIP 


Top View 




LM494 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature Range 

CeramicDIP -65°Cto +175°C 

Molded DIP -65°Cto +150°C 

Operating Temperature Range 

Industrial (LM494I) -40°C to + 85°C 

Commercial (LM494C) 0°C to + 70°C 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP (Soldering, 1 0 sec.) 265°C 

Internal Power Dissipation (Notes 1 , 2) 

16L-Ceramic DIP 1.50W 

16L-Molded DIP 1.04W 

Supply Voltage 42V 

Voltage from Any Lead to Ground 
(except Lead 8 and Lead 11) Vqc + 0.3V 

Output Collector Voltage 42V 

Peak Collector Current 

(Id and Ic2) 250 mA 

ESD Susceptibility (to be determined) 

Recommended Operating 

Conditions 

Power Supply Voltage (Vcc) 7.0V to 40 V 

Voltage on Any Lead 
except Leads 8 and 1 1 

(Referenced to Ground) (V|) -0.3V to Vcc + 0.3V 

Output Voltage Collector (Vci . Vc2) - 0.3V to 40V 

Output Collector Current (lei . Ic 2) 200 mA 

Timing Capacitor (Cj) 470 pF to 1 0 juF 

Timing Resistor (Rj) 1 .8 kn to 500 kn 

Oscillator Frequency (fosc) 1 -0 kHz to 300 kHz 

LM494 

Electrical Characteristics t a = o°cto +7o°cfortheLM494c,T A = -4o°cto +85°cfortheLM494i,v C c = 

1 5V, fosc = 1 0 kHz, unless otherwise specified 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

REFERENCE SECTION | 

VreF 

Reference Voltage (Note 3) 

Iref = 1 .0 mA 

4.75 

5.0 

5.25 

V 

ReguNE 

Line Regulation of 

Reference Voltage 

7.0V £ V C c ^ 40V 


2.0 

25 

mV 

TCVref 

Temperature Coefficient of 
Reference Voltage 

0 °C ^ Ta ^ 70°c 


0.01 

0.03 

%/°C 

Re 9LOAD 

Load Regulation of 

Reference Voltage 

1.0 mA ^ Iref ^ 10 mA 


1.0 

15 

mV 

>OS 

Output Short Circuit Current 

Vref = 0V 

0°C ^ T A ^ +70°C 

10 

35 

50 

mA 




— 40°C <; T a ^ +85°c 


35 


OSCILLATOR SECTION 1 

fosc 

Oscillator Frequency 
(Figure 10) 

C T = 0.01 juF, 

R T = 12 kn 


10 


kHz 

AfoSC 

Oscillator Frequency Change 

Cj = 0.01 juF, 

o°c <; t a ^ +70°c 



2.0 

% 



R t = 12 kn 

— 40°C <; Ta ^ +85°C 



2.0 

DEAD TIME CONTROL SECTION 

l|B (DT) 

Input Bias Current 

Vcc= 15V, 0V^ V 4 ^ 5.25V 


-2.0 

-10 

jaA 

DC(Max) 

Maximum Duty Cycle, 

Each Output 

V C c = 15V, Lead 4 = 0V, 

Output Control = Vref 

45 



% 

v TH(in) 

Input Threshold Voltage 

Zero Duty Cycle 


3.0 

3.3 

— 



Maximum Duty Cycle 

0 



mm 

ERROR AMPLIFIER SECTIONS | 

V|0 

Input Offset Voltage 

V 3 = 2.5V 


2.0 

10 

mV 

l|0 

Input Offset Current 

V 3 = 2.5V 


25 

250 

nA 

>IB 

Input Bias Current 

V 3 = 2.5V 


0.2 

1.0 

jutA 

V|CR 

Input Common Mode 

Voltage Range 

7.0V ^ V C c ^ 40V 

-0.3 


Vcc 

V 

Avs 

Large Signal Voltage Gain 

0.5V £ V 3 £ 3.5V 

60 

74 


dB 

BW 

Bandwidth 



650 


kHz 
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LM494 

Electrical Characteristics t a = o°cto + 7 o°cfor theLM 494 c, t a = -4o°cto +85°cforthe LM 4941 , 

V CC = 15V, fosc = 10 kHz, unless otherwise specified (Continued) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

PWM COMPARATOR SECTION (Figure 9) 

V THI 

Inhibit Threshold Voltage 

Zero Duty Cycle 


4.0 

4.5 

V 


Output Sink Current 
(Note 4) 

0.5V <; V 3 ^ 3.5V 

-0.2 

-0.6 


mA 

io + 

Output Source Current 
(Note 4) 

0.5V ^ V 3 <; 3.5V 

2.0 



mA 

OUTPUT SECTION 

VcE(sat) 

Output Saturation 

Voltage Common Emitter 
Configuration (Figure 3) 

V E = OV, 
l c = 200 mA 

0°C ^ T A ^ + 70°C 
-40°c<;Ta<; +85°c 


1.1 

1.3 

V 

Emitter Follower 

Configuration (Figure 4) 

V c = 15V, l E = 200 mA 


1.5 

2.5 

*C(off) 

Collector Off-State Current 

V C c = 40V, V C e = 40V 


2.0 

100 

juA 

•E(off) 

Emitter Off-State Current 

V C C = V C = 40V, 
V E = o 

o°c <; t a ^ +70°c, 
-40°C^T a ^ +85°c 



-100 

juA 

OUTPUT CONTROL (Figure 6) 

v OCL 

Output Control Voltage 

Required for Single Ended or 
Parallel Output Operation 




0.4 

V 

V OCH 

Output Control Voltage 

Required for Push-Pull 

Operation 


2.4 



V 

TOTAL DEVICE 

Icc 

Standby Power Supply Current 



6.0 

10 

mA 

OUTPUT AC CHARACTERISTICS Use Recommended Operating Conditions with Ta = 25°C 

tr 

Rise Time of Output Voltage 
Common Emitter Configuration 
(Figure 3) 



100 

200 

ns 

Emitter Follower Configuration 
(Figure 4) 



100 

200 

tf 

Fall Time of Output Voltage 
Common Emitter Configuration 
(Figure 3) 



25 

100 

ns 

Emitter Follower Configuration 

(Figure 4) 



40 

100 

Note 1: Tj Max = 150°C for the Molded DIP, and 175 8 C for the Ceramic DIP. 

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 16L-Ceramic DIP at 10 mW/°C, and the 16L-Molded DIP at 8.3 mW/°C. 

Note 3: Selected devices with tightened tolerance reference voltage available. 

Note 4: These limits apply when the voltage measured at Lead 3 is within the range specified. 
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Functional Description 

The basic oscillator (switching) frequency is controlled by an 
external resistor (Rj) and capacitor (Cj). The relationship 
between the values of Rj, Cj and frequency is shown in 
Figure 10. 

The level of the sawtooth wave form is compared with an 
error voltage by the pulse width modulated comparator. The 
output of the PWM Comparator directs the pulse steering 
flip-flop and the output control logic. 

The error voltage is generated by the error amplifier. The 
error amplifier boosts the voltage difference between the 
output and the 5.0V internal reference. See Figure 7 for 
error amp sensing techniques. The second error amp is typi- 
cally used to implement current-limiting. 

The output control logic selects either push-pull or single- 
ended operation of the output transistors (see Figure 6). 
The dead time control prevents on-state overlap of the out- 
put transistors as can be seen in Figure 5. The dead time is 
approximately 3.0% or 5.0% of the total period if the dead 
time control is grounded. This dead time can be increased 
by connecting the dead time control to a voltage up to 5.0V. 
The frequency response of the error amps (Figure 1 1) can 
be modified by using external resistors and capacitors. 
These components are typically connected between the 
compensation terminal and the inverting input of the error 
amps. 

The switching frequency of two or more LM494 circuits can 
be synchronized. The timing capacitor, Cj, is connected as 
shown in Figure 8. Charging current is provided by the mas- 
ter circuit. Discharging is through all the circuits slaved to 
the master. Rj is required only for the master circuit. 


15V 



TL/H/10056-5 


TL/H/1 0056-6 

FIGURE 3. Common Emitter Configuration 
Test Circuit and Waveform 



15V 


EACH 

OUTPUT 

TRANSISTOR 



TL/H/1 0056-7 


Test Circuits 



TL/H/1 0056-3 

FIGURE 1. Error Amplifier Test Circuit 



TL/H/1 0056-4 

FIGURE 2. Current Limit Sense 
Amplifier Test Circuit 



TL/H/1 0056-8 

FIGURE 4. Emitter Follower Configuration 
Test Circuit and Waveform 



Control Test Circuit 
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Typical Applications 


OUT 

CONTROL 


0 < V oc < 0.4V 




8 ci 


11 C2 


[Q2 


— ►Qc 

(\ TO 500 mA MAX 


10 E2 


"►Qe 

TL/H/10056-10 



FIGURE 6. Output Connections for Single Ended 
and Push-Pull Configurations 


(^250 mA (MAX) 

^250 mA (MAX) 
TL/H/10056-11 




TO OUT 
VOLTAGE OF 
SYSTEM 


TL/H/1 0056-1 3 


FIGURE 7. Error Amplifier Sensing Techniques 


V REF 



MASTER 


SLAVE 

(ADDITIONAL 

CIRCUITS) 


FIGURE 8. Slaving Two or More Control Circuits 


TL/H/1 0056- 14 
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Typical Applications (Continued) 



TO REMAINDER 
OF ERROR 
AMPLIFIER 
CIRCUIT 


TO COMPENSATION/PWM 
COMPARATOR IN 
LEAD 3 


TL/H/ 10056- 15 

FIGURE 9. Error Amplifier and Current Limit 
Sense Amplifier Output Circuits 


Typical Performance Characteristics 



TIMING RESISTANCE -A 

TL/H/10056-16 

FIGURE 10. Oscillator Frequency 
vs Timing Resistance 


FREQUENCY - Hz 

TL/H/10056-17 

FIGURE 1 1. Amplifier Voltage Gain vs Frequency 
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Voltage Waveforms 


VOLTAGE 
AT Cl 


VOLTAGE 
AT C2 


VOLTAGE 
AT Cj 


DEAD TIME 
CONTROL 
IN 

LEAD 4 


FEEDBACK 

IN 


inmiinn 


urrwinrr: 



LEAD 3 
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LM 1 524D/LM2524D/LM3524D 


National 
Semiconductor 

LM 1 524D/LM2524D/LM3524D 
Regulating Pulse Width Modulator 

General Description 

The LM1524D family is an improved version of the industry 
standard LM1524. It has improved specifications and addi- 
tional features yet is pin for pin compatible with existing 
1 524 families. New features reduce the need for additional 
external circuitry often required in the original version. 

The LM1524D has a ± 1 % precision 5V reference. The cur- 
rent carrying capability of the output drive transistors has 
been raised to 200 mA while reducing VcEsat and increasing 
Vce breakdown to 60V. The common mode voltage range 
of the error-amp has been raised to 5.5V to eliminate the 
need for a resistive divider from the 5V reference. 

In the LM1524D the circuit bias line has been isolated from 
the shut-down pin. This prevents the oscillator pulse ampli- 
tude and frequency from being disturbed by shut-down. Also 
at high frequencies (^300 kHz) the max. duty cycle per 
output has been improved to 44% compared to 35% max. 
duty cycle in other 1 524s. 

In addition, the LM1524D can now be synchronized exter- 
nally, through pin 3. Also a latch has been added to insure 


Block Diagram 



TL/H/8650-1 


one pulse per period even in noisy environments. The 
LM1524D includes double pulse suppression logic that in- 
sures when a shut-down condition is removed the state of 
the T-f lip-flop will change only after the first clock pulse has 
arrived. This feature prevents the same output from being 
pulsed twice in a row, thus reducing the possibility of core 
saturation in push-pull designs. 

Features 

■ Fully interchangeable with standard LM1524 family 

■ ± 1 % precision 5V reference with thermal shut-down 

■ Output current to 200 mA DC 

■ 60V output capability 

■ Wide common mode input range for error-amp 

■ One pulse per period (noise suppression) 

■ Improved max. duty cycle at high frequencies 

■ Double pulse suppression 

■ Synchronize through pin 3 
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Absolute Maximum Ratings (Notes) 

If Miiitary/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage 40V 

Collector Supply Voltage 

(LM1524D) 60V 

(LM2524D) 55V 

(LM3524D) 40V 

Output Current DC (each) 200 mA 

Oscillator Charging Current (Pin 7) 5 mA 

Internal Power Dissipation 1 W 

Electrical Characteristics (Notei) 


Operating Junction Temperature Range J Package (Note 2) 
LM1524D — 55°C to + 150°C 

LM2524D -40°C to + 1 50°C 

Operating Maximum Junction Temperature N Package 
(Note 2) 

LM2524D -40°C to + 125°C 

LM3524D 0°Cto +125°C 

Maximum Junction Temperature 150° 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering 1 0 sec.) J Pkg. 300°C 

Lead Temperature (Soldering 4 sec.) N Pkg. 260°C 


Symbol 


Parameter 


Conditions 


LM1524D 

LM2524D 

LM3524D 


Typ 

Tested 

Limit 
(Note 3) 

Design 
Limit 
(Note 4) 


Tested 

Limit 
(Note 3) 

Design 
Limit 
(Note 4) 


Tested 

Limit 
(Note 3) 

Design 
Limit 
(Note 4) 



REFERENCE SECTION 




Af OSC 

Freq. Change 
with Temp. 

T a = — 55°C to + 125°C 
at 20 kHz Rj = 5.6k, 

C T = 0.01 fiF 


V OSC 

Output Amplitude 
(Pin 3) (Note 8) 

Ry = 5.6k, C T = 0.01 fiF 


tpw 

Output Pulse 
Width (Pin 3) 

Ry = 5.6k, Cy = 0.01 jxF 



5 




34 

42 



.5 


0.5 


1.5 


.5 


P'SMax 


LM 1 524D/LM2524D/LM3524D 
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Electrical Characteristics (Continued) 


Symbol 

Parameter 

Conditions 

LM1524D 

LM2524D 

LM3524D 

Units 

Typ 

Tested 
Limit 
(Note 3) 

Design 
Limit 
(Note 4) 

Typ 

Tested 
Limit 
(Note 3) 

Design 
Limit 
(Note 4) 

Typ 

Tested 
Limit 
(Note 3) 

Design 
Limit 
(Note 4) 

OSCILLATOR SECTION (Continued) 


Sawtooth Peak 
Voltage 

R t = 5.6k, C T = 0.01 jwF 

3.4 

3.6 


m 

3.6 

3.8 

■ 



D 


Sawtooth Valley 
Voltage 

R t = 5.6k, C T = 0.01 fiF 

1.1 

0.8 

■ 

1.1 



■ 

0.6 




ERROR-AMP SECTION 
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Electrical Characteristics (Continued) 





LM1524D 

LM2524D 

LM3524D 


Symbol 

Parameter 

Conditions 

Tested Design 

Tested Design 

Tested Design 

Units 

Typ Limit Limit 

Typ Limit Limit 

Typ Limit Limit 




(Note 3) (Note 4) 

(Note 3) (Note 4) 

(Note 3) (Note 4) 



CURRENT LIMIT SECTION 


Sense Voltage 

v (Pin2) - V(Pini) ^ 
150 mV 

Sense Voltage T.C. 


Common Mode 
Voltage Range 

V 5 - V 4 = 300 mV 


SHUT DOWN SECTION 

VSD 

High Input 

Voltaae 

V(Pin2) “ V(pjni) ^ 
150 mV 


High Input 
Current 


OUTPUT SECTION (EACH OUTPUT) 

VcES 

Collector Emitter 
Voltage Breakdown 

1 c <. 100 jaA 




l E = 200 mA 

1.5 

2.2 


v EO 

Emitter Output 
Voltage 

l E = 50 mA 

18 

17 


*R 

Rise Time 

V| N = 20V, 
l E = -250 juA 

R C = 2k 

200 




\f Fall Time Rc = 2k 


SUPPLY CHARACTERISTICS SECTION 


V|n Input Voltage 
Range 




3 _ 

8 I 17 



Thermal Shutdown 
Temp. 


I|N Stand By Current Vin = 40V (Note 6) 5 


Note 1: Unless otherwise stated, these specifications apply for Ta = Tj = 25°C. Boldface numbers apply over the rated temperature range: LM1 524D is - 55°C to 
1 25°C, LM2524D is -40° to 85°C and LM3524D is 0°C to 70°C. V )N = 20V and f 0 sc “ 20 kHz. 

Note 2: For operation at elevated temperatures, devices in the J package must be derated based on a thermal resistance of 132°C/W, junction to ambient, and 
devices in the N package must be derated based on a thermal resistance of 86°C/W, junction to ambient. 

Note 3: Tested limits are guaranteed and 100% tested in production. 

Note 4: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage range. These limits are not used to 
calculate outgoing quality level. 

Note 5: Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 6: Pins 1, 4, 7, 8, 11, and 14 are grounded; Pin 2 = 2V. All other inputs and outputs open. 

Note 7: The value of a C t capacitor can vary with frequency. Careful selection of this capacitor must be made for high frequency operation. Polystyrene was used in 
this test. NPO ceramic or polypropylene can also be used. 

Note 8: OSC amplitude is measured open circuit. Available current is limited to 1 mA so care must be exercised to limit capacitive loading of fast pulses. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation (J Package) 
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Test Circuit 





Cb 

V|N 



c a 

OSC OUT 

LM1524D/LM2524D/LM3524D 


e B 

VREF 




Nl INV 

SHUT +C L -C L 


e a 

INPUT INPUT 

COMP DOWN SENSE SENSE R T 

c t 

QND 


Functional Description 

INTERNAL VOLTAGE REGULATOR 

The LM1524D has an on-chip 5V, 50 mA, short circuit pro- 
tected voltage regulator. This voltage regulator provides a 
supply for all internal circuitry of the device and can be used 
as an external reference. 

For input voltages of less than 8V the 5V output should be 
shorted to pin 15, Vin, which disables the 5V regulator. With 
these pins shorted the input voltage must be limited to a 
maximum of 6V. If input voltages of 6V-8V are to be used, a 
pre-regulator, as shown in Figure 1, must be added. 



’Minimum Cq of 10 p.F required for stability. 

FIGURE 1 

OSCILLATOR 

The LM1524D provides a stable on-board oscillator. Its fre- 
quency is set by an external resistor, Rj and capacitor, Cy. 
A graph of Rj, Cj vs oscillator frequency is shown is Figure 
2. The oscillator’s output provides the signals for triggering 
an internal flip-flop, which directs the PWM information to 
the outputs, and a blanking pulse to turn off both outputs 
during transitions to ensure that cross conduction does not 
occur. The width of the blanking pulse, or dead time, is con- 
trolled by the value of Cj, as shown in Figure 3. The recom- 
mended values of Rj are 1.8 kn to 100 kn, and for Cj, 
0.001 ftF to 0.1 jutF. 


If two or more LM1524D’s must be synchronized together, 
the easiest method is to interconnect all pin 3 terminals, tie 
all pin 7’s (together) to a single Cj, and leave all pin 6’s 
open except one which is connected to a single Rj. This 
method works well unless the LM1524D’s are more than 6" 
apart. 

A second synchronization method is appropriate for any cir- 
cuit layout. One LM1524D, designated as master, must 
have its RjCj set for the correct period. The other slave 
LM1 524D(s) should each have an RjCj set for a 10% long- 
er period. All pin 3’s must then be interconnected to allow 
the master to properly reset the slave units. 

The oscillator may be synchronized to an external clock 
source by setting the internal free-running oscillator fre- 
quency 10% slower than the external clock and driving pin 3 
with a pulse train (approx. 3V) from the clock. Pulse width 
should be greater than 50 ns to insure full synchronization. 


C T = 0.001 jiF, 




■iniirjiMriiii 

WmimwAwimv. 

m?M4m\\ 


mmuti'immAwmrjmu ml 
Elll'lWMAirill 
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Functional Description (Continued) 


0.001 0.004 0.01 C.04 0.1 

C T <mF) 

TL/H/8650-6 

FIGURE 3 

ERROR AMPLIFIER 

The error amplifier is a differential input, transconductance 
amplifier. Its gain, nominally 86 dB, is set by either feedback 
or output loading. This output loading can be done with ei- 
ther purely resistive or a combination of resistive and reac- 
tive components. A graph of the amplifier’s gain vs output 
load resistance is shown in Figure 4. 



r l = o° 

80 

r l = im 

60 

r l = iook 


R L = 100k 

40 

R L = iok_ 

20 



n R L = RESISTANCE FROM PIN 9 \ 

U ‘ TOGND V 

L i _j 1 1 — jl 

10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hi) TL/H/8650 . 7 

FIGURE 4 

The output of the amplifier, or input to the pulse width modu- 
lator, can be overridden easily as its output impedance is 
very high (Zo — 5 Mft). For this reason a DC voltage can 
be applied to pin 9 which will override the error amplifier and 
force a particular duty cycle to the outputs. An example of 
this could be a non-regulating motor speed control where a 
variable voltage was applied to pin 9 to control motor speed. 
A graph of the output duty cycle vs the voltage on pin 9 is 
shown in Figure 5. 


The duty cycle is calculated as the percentage ratio of each 
output’s ON-time to the oscillator period. Paralleling the out- 
puts doubles the observed duty cycle. 



VOLTAGE ON PIN 9 (V) tl/H/8650-8 

FIGURE 5 

The amplifier’s inputs have a common-mode input range of 
1 .5V-5.5V. The on board regulator is useful for biasing the 
inputs to within this range. 

CURRENT LIMITING 

The function of the current limit amplifier is to override the 
error amplifier’s output and take control of the pulse width. 
The output duty cycle drops to about 25% when a current 
limit sense voltage of 200 mV is applied between the + Cl 
and -Cl sense terminals. Increasing the sense voltage ap- 
proximately 5% results in a 0% output duty cycle. Care 
should be taken to ensure the -0.7V to + 1.0V input com- 
mon-mode range is not exceeded. 

OUTPUT STAGES 

The outputs of the LM1524D are NPN transistors, capable 
of a maximum current of 200 mA. These transistors are driv- 
en 180° out of phase and have non-committed open collec- 
tors and emitters as shown in Figure 6. 
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Typical Applications (Continued) 



Design Equations 


,osc s 5^ 

L1 2.5V| N V 0 

f0SC(V 0 + V| N )l 0 

c »qVq 

° AV 0 f 0 sc(V 0 + V, N ) 


TL/H/8650-15 


FIGURE 11. Boosted Current Polarity Inverter 


BASIC SWITCHING REGULATOR THEORY 
AND APPLICATIONS 

The basic circuit of a step-down switching regulator circuit is 
shown in Figure 12, along with a practical circuit design us- 
ing the LM3524D in Figure 15. 



TL/H/8650-16 

FIGURE 12. Basic Step-Down Switching Regulator 


The circuit works as follows: Q1 is used as a switch, which 
has ON and OFF times controlled by the pulse width modu- 
lator. When Q1 is ON, power is drawn from Vin and supplied 
to the load through LI ; Va is at approximately Vin, D1 is 
reverse biased, and C 0 is charging. When Q1 turns OFF the 
inductor LI will force Va negative to keep the current flow- 
ing in it, D1 will start conducting and the load current will 
flow through D1 and LI. The voltage at Va is smoothed by 
the LI, C 0 filter giving a clean DC output. The current flow- 
ing through LI is equal to the nominal DC load current plus 
some Al||_ which is due to the changing voltage across it. A 
good rule of thumb is to set A/Lp.p « 40% x 


l 


L 


v A 



TL/H/8650-17 
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Typical Applications (Continued) 

From the relation Vl = L^ 1 , AIl = v=-* 
dt LI 

a i -L ( V IN - Vo) t 0 N. A . V 0 t 0 FF 

AIl n — :A,l — l1 

Neglecting Vsat. Vd, and settling Al|_+ = AIl - ; 

-v„ (!=»); 

where T = Total Period 

The above shows the relation between V|n, V 0 and duty 
cycle. 

'IN, DC = 'OUT(DC) ( t0N + N to FF )' 
as Q1 only conducts during tQN- 

Pin = Iin ( dc)Vin = do(DC)) ( toN + N t OFF ) V|N 
P 0 = l 0 v 0 

The efficiency, 17, of the circuit is: 


V 0 “ V| N I 


Jon 


^off + *ON 


17 MAX = 


£0 

Pin 


joYo 

, (tON) x# , (VsATtON + VdJoff) , 

lo^pV| N + l 0 


Vo 

V 0 + 1 


for Vsat = Vqi = 1 V. 


t/MAX will be further decreased due to switching losses in 
Q1 . For this reason Q1 should be selected to have the maxi- 
mum possible fj, which implies very fast rise and fall times. 


CALCULATING INDUCTOR LI 

. (AI l +) X LI 
1 (V|N-V 0 ) 


tQN s 


tQFF = 


tQN + toFF = T = 


(AI L +) X LI 
(V|N - Vq) 
0-4I o L1 
(V| N “ V 0 ) 


(AI L “) X LI 

V 0 

(AI l ~) X LI 


0.4l o L1 


Since AIl + = AIl - = 0.4l o 



TL/H/8650-18 

FIGURE 14 


Solving the above for LI 

2.5 V 0 (V| N — V 0 ) 

IpVlNf 

where: LI is in Henrys 

f is switching frequency in Hz 

Also, see LM1578 data sheet for graphical methods of in- 
ductor selection. 


CALCULATING OUTPUT FILTER CAPACITOR C 0 : 

Figure 14 shows Li’s current with respect to Ql’s tQN an d 
toFF times. This curent must flow to the load and C 0 . C 0 ’s 
current will then be the difference between II, and l 0 . 


ICo = II ~ lo 

From Figure 14 it can be seen that current will be flowing 
into C 0 for the second half of tQN through the first half of 
toFF. or a time » foN/2 + toFF /2 - The current flowing for this 
time is AIl/ 4. The resulting AV C or A V Q is described by: 


AV 


op-p - 




tQN 


AJl / t 0N + Iqff \ 


4C V 


T) 


Since AIl = 


V 0 (T 


tQN) . . _ V 0 T 

LI andt0N -^ 


(t-M) 

dV VjnJ = (ViN 


4C LI 


8V, N C 0 L1 


Co — 


(VlN-Vo)VoT 2 

8AV 0 V| N L1 


where: C is in farads, T is ■ ■■; — 

switching frequency 

AV 0 is p-p output ripple 

For best regulation, the inductor’s current cannot be al- 
lowed to fall to zero. Some minimum load current l 0 , and 
thus inductor current, is required as shown below: 


lo(MIN) = 


(V|N ~ Vq) tQN 
2L1 


(VlN-Vo)Vo 

2fV, N L1 


(V, N -Vn)t 0N 



TL/H/8650-19 
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Typical Applications (Continued) 

A complete step-down switching regulator schematic, using 
the LM3524D, is illustrated in Figure 15. Transistors Q1 and 
Q2 have been added to boost the output to 1A. The 5 V 
regulator of the LM3524D has been divided in half to bias 
the error amplifier’s non-inverting input to within its com- 
mon-mode range. Since each output transistor is on for half 
the period, actually 45%, they have been paralleled to allow 
longer possible duty cycle, up to 90%. This makes a lower 
possible input voltage. The output voltage is set by: 

Vo = V N ,( 1 +g). 


where Vni is the voltage at the error amplifier’s non-invert- 
ing input. 

Resistor R3 sets the current limit to: 

200 mV 200 mV 

R3 “ 0.15 ~ ' ' 

Figure 16 and 17 show a PC board layout and stuffing dia- 
gram for the 5V, 1 A regulator of Figure 15. The regulator’s 
performance is listed in Table I. 



"Mounted to Staver Heatsink No. V5-1. 

Q1 = BD344 
Q2 = 2N5023 

LI = >40 turns No. 22 wire on Ferroxcube No. K300502 Torroid core. 

FIGURE 15. 5V, 1 Amp Step-Down Switching Regulator 
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Typical Applications (Continued) 


TABLE I 


Conditions 


Output Voltage 

Vin = 10V, l 0 = 1/ 

Switching Frequency 

V| N = 10V, l 0 = 1/ 

Short Circuit 

Current Limit 

V| N = 10V 

Load Regulation 

V| N = 10V 
l 0 = 0.2 - 1 A 

Line Regulation 

AV| N = 10 - 20 V, 
f 0 = 1A 

Efficiency 

Vin = 10V, l 0 = 1/ 

Output Ripple 

V| N = 10V, l 0 = 1/ 


Typical 

Characteristics 




FIGURE 16. 5V, 1 Amp Switching Regulator, Foil Side 



V ' — ~ 

TL/H/8650-22 

FIGURE 17. Stuffing Diagram, Component Side 
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Typical Applications (Continued) 

THE STEP-UP SWITCHING REGULATOR 

Figure 18 shows the basic circuit for a step-up switching 
regulator. In this circuit Q1 is used as a switch to alternately 
apply Vin across inductor LI. During the time, toN» Q1 is ON 
and energy is drawn from Vin and stored in LI; D1 is re- 
verse biased and l 0 is supplied from the charge stored in C 0 . 
When Q1 opens, toFF« voltage VI will rise positively to the 
point where D1 turns ON. The output current is now sup- 
plied through LI , D1 to the load and any charge lost from C 0 
during t©N is replenished. Here also, as in the step-down 
regulator, the current through LI has a DC component plus 
some Ml- Ml is again selected to be approximately 40% of 
l[_. Figure 19 shows the inductor’s current in relation to Q1 ’s 
ON and OFF times. 




FIGURE 19 


TL/H/8650-24 
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LM 1 524D/LM2524D/LM3524D 


Typical Applications (Continued) 


From AIl = AIl + 


VlNtQN 

LI 


andA , L - s (VlV^toFF 

Since AI L + = AI L ~, V| N toN = V 0 t 0 FF ~ VifvjtoFF. 
and neglecting Vsat and Vqi 


V 0 s V|n I 1 + 


Jon \ 
tOFF/ 


The above equation shows the relationship between Vin, V 0 
and duty cycle. 

In calculating input current l|N(DC). which equals the induc- 
tor’s DC current, assume first 100% efficiency: 

P|N = l|N(DC) V|N 


(’-£) 


Pout = loV 0 = *o v in + 
for ^7 = 100 %, Pout = Pin 

>o V| N ^1 + = l|N(DC) V|N 

Iin(dc)=Io ( 1+ 5) 

This equation shows that the input, or inductor, current is 
larger than the output current by the factor (1 + toN/toFF)- 
Since this factor is the same as the relation between V 0 and 
Vin, l|N(DC) can also be expressed as: 


,iN<Dc,=i °(5i) 


So far it is assumed rj = 100%, where the actual efficiency 
or tjmax will be somewhat less due to the saturation voltage 
of Q1 and forward on voltage of D1 . The internal power loss 
due to these voltages is the average II current flowing, or 
l|N, through either Vsat or Vqi- For Vsat = Vqi = 1 V this 
power loss becomes Iin(DC) (IV). tjmax is then: 


a _ Pq Voio 

MAX Pin V 0 I 0 + l, N (IV) 


Volo 


VqIq “I" Iq 


(’♦S) 


From V 0 = Vin ( 1 + 


Jon_\ 

tOFF/ 


Vmax : 


VlN 

V| N + 1 


This equation assumes only DC losses, however VMAX > s 
further decreased because of the switching time of Q1 and 
D1. 

In calculating the output capacitor C 0 it can be seen that C 0 
supplies l 0 during tQN- The voltage change on C 0 during this 
time will be some AV C = AV 0 or the output ripple of the 
regulator. Calculation of C 0 is: 


From V 0 = Vin 


AW _ UON iptON 

AV 0 = -pr~ or C 0 = 

C 0 AV 0 

(JLV te .5» T 


VtoFF/ 


where T = tQN + t<DFF = 


ta-T-^T-Tl! 

(V“) 


‘ V, N > 


therefore: 


IqT 


c 0 = - 


AV 0 


lo(Vo-VlN) 


fAV 0 V 0 


where: C 0 is in farads, f is the switching frequency, 

AV 0 is the p-p output ripple 
Calculation of inductor LI is as follows: 

L1 = S j nce during toN. 

AIl -1- 

Vin is applied across LI 

Al|_p.p = 0.4 l L = 0.41 l| N = 0.4 1 0 (^j)' therefore: 
VlNtQN 


LI 




and since t©N = 


V| N ' 
T(V 0 - 


v,n) 


LI 


2.5V, n 2 (Vq-Vin) 


where: LI is in henrys, f is the switching frequency in Hz 
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Typical Applications (Continued) 

To apply the above theory, a complete step-up switching 
regulator is shown in Figure 20. Since V|n is 5V, Vref is tied 
to V|n. The input voltage is divided by 2 to bias the error 
amplifier’s inverting input. The output voltage is: 

V 0 UT = ( 1 + ^) X V 'NV = 2.5 X (l + 5?) 

The network D1 , Cl forms a slow start circuit. 

This holds the output of the error amplifier initially low thus 
reducing the duty-cycle to a minimum. Without the slow start 


circuit the inductor may saturate at turn-on because it has to 
supply high peak currents to charge the output capacitor 
from OV. It should also be noted that this circuit has no 
supply rejection. By adding a reference voltage at the non- 
inverting input to the error amplifier, see Figure 21 , the input 
voltage variations are rejected. 

The LM3524D can also be used in inductorless switching 
regulators. Figure 22 shows a polarity inverter which if con- 
nected to Figure 20 provides a - 1 5V unregulated output. 



LI = > 25 turns No. 24 wire on Ferroxcube No. K300502 Torroid core. 


FIGURE 20. 15V, 0.5A Step-Up Switching Regulator 


Tr 


R4 

!.4k 


w TO NON-INVERTING 

INPUT OF LM3524 

' LM336 
(V 2 « 2.49V) 


TL/H/8650-26 

FIGURE 21 


FROM JUNCTION 
OF LI, D2*" 

GNDO 


100/iF 1N914B 


1N914B 


0.1 /xF 



p . - 1 j v 

U ©25mA 

100/xF 

— OGND 


TL/H/8650-27 

FIGURE 22 
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LM 1 524D/LM2524D/LM3524D 


Connection Diagram 


INV INPUT 
Nl INPUT 
OSC OUTPUT 
+ CL SENSE 
-CL SENSE 

Rt 

C T 
GND 

TL/H/8650-2 

Top View 

Order Number LM1524DJ, 

LM2524DN or LM3524DN 
See NS Package Number J16A and N16A 



COLLECTOR B 
— COLLECTOR A 


- COMPENSATION 
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National 

Semiconductor 


LM 1 525A/LM3525A/LM 1 527A/LM3527A 
Pulse Width Modulator 


General Description 

The LM1525A/1527A series of pulse-width-modulator in- 
tegrated circuits are designed to offer improved perform- 
ance and lowered external parts count when used to imple- 
ment all types of switching power supplies. The on-chip 
+ 5.1V reference is trimmed to ±1% initial accuracy, and 
the input common mode range of the error amplifier in- 
cludes the reference voltage, eliminating external potenti- 
ometers and dividers. A Sync input to the oscillator permits 
multiple devices to be slaved together, or a single device to 
be synchronized to an external system clock. A single resis- 
tor between the Cj pin and the Discharge pin provides a 
wide range of deadtime adjustment. These devices also fea- 
ture built-in soft-start circuitry with only a timing capacitor 
required externally. A Shutdown pin controls both the soft- 
start circuitry and the output stages, providing instanta- 
neous turn-off with soft-start recycle for slow turn-on. These 
functions are also controlled by an undervoltage lockout 
which keeps the outputs off and the soft-start capacitor dis- 
charged for input voltages less than that required for normal 
operation. The undervoltage lockout circuitry features ap- 
proximately 200 mV of hysteresis to prevent threshold oscil- 
lations. Another unique feature of these improved PWM in- 


tegrated circuits is the latch following the comparator (thus 
preventing double-pulsing). Once a PWM pulse has been 
terminated for any reason, the outputs will remain OFF for 
the duration of that period. The latch is reset with each 
clock pulse. The output stages are totem-pole designs ca- 
pable of sourcing or sinking more than 200 mA. The 
LM1525A output stage features NOR logic, resulting in 
LOW outputs for an OFF stage. The LM1527A uses OR 
logic which results in HIGH outputs when OFF. 

Features 

■ 8 to 35V operation 

■ 5.1V reference trimmed to ±1% 

■ 100 Hz to 500 kHz oscillator range 

■ Separate oscillator sync terminal 

■ Adjustable deadtime control 

■ Internal soft-start 

b Input undervoltage lockout with hysteresis 
b Latching P.W.M. to prevent multiple pulses 

■ Dual source/sink output drivers 


Block & Connection Diagrams 




Order Number LM1525AJ, 
LM3525AJ, LM1527AJ, LM3527AJ, 
LM3525AN or LM3527AN 
See NS Package Number 
J16A or N16A 
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Absolute Maximum Ratings (Note 7) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage (Pins 1 3, and 15) - 0.3V to + 40V 

Reference Output Current (Pin 1 6) 50 mA DC 

Reference Output Short Circuit 5 Seconds 

Output Current (Pins 11,14) ± 200 mA 

Oscillator Current (Pins 5, 6, 7) (Note 8) 5 mA DC 

Op Amp Inputs: Vqm - 0.3Vto+Vj n 

(Pins 1,2) V D | FF ±6V 

Logic Inputs -0.3V to + 5.5V 


Storage T emperature - 65°C to + 1 50°C 

Operating Temperature Range (T m j n ^ Tj ^ T max ) 


LM1525A, LM1527A 
LM3525A, LM3527A 

Lead Temperature (Soldering, 4 Seconds) 
J Package 
N Package 

Power Dissipation (Note 9) 

ESD Tolerance 
Czap =100 pF, Rzap = 1.5k 


55°C to +150°C 
0°Cto +150°C 

+ 300°C 
+ 260°C 
1 Watt 


Electrical Characteristics 

Vj n = 20 V dc , Boldface limits apply from Tmin to Tmax (Note 1), 


all other limits T, = 25°C unless otherwise noted 



mV/KHour 



OSCILLATOR SECTION (Note 4) Unless otherwise specified 


Initial Accuracy 


Accuracy of Freq. vs. Temp. 


Voltage Stability 8.0V <; V in ^ 35V 


Temperature Stability 


Minimum Frequency Rj = 300 kn, Cj = 0.1 juF, 

R D = 0 (Note 5) 

Maximum Frequency Rj = 2.0 kfl, Cj = 1 nF, 

Rp = 0 

Current Mirror l p j n 5 Irt = 2.0 mA 


Clock Amplitude 


Clock Width 


Sync Threshold 


Sync input Current 


At pin 4 




(Note 6) 


Sync Voltage = 3.5V 




450 

430 

400 

kHz min 

2.0 

1.8 

1.7 

m Amin 


2.1 

2.2 

m Amax 
















































Electrical Characteristics 








Vj n = 20 Vd C> Boldface limits apply from Tmin t0 T MAX (Note 1), all other limits Tj = 25°C unless otherwise noted (Continued) 




LM1525A 


LM3525A 





LM1527A 


LM3527A 


Parameter 

Conditions 


Tested 

Design 


Tested 

Design 

Units 



Typical 

Limit 

Limit 

Typical 

Limit 

Limit 





(Note 2) 

(Note 3) 


(Note 2) 

(Note 3) 


ERROR AMPLIFIER SECTION V C m = 5.1V, Unless otherwise noted 

Input Offset Voltage 


0.5 

5 


2 

7 

10 

m V max 

Input Bias Current 


1 

10 


1 

2 

10 

M'Amax 

Input Offset Current 


0.1 

1 


0.1 

0.8 

1 

f^Amax 

DC Open Loop Gain 

r l ;> io mh 

80 

66 


80 

66 

60 

dB min 

Gain Bandwidth Product 

Av = 0, Tj = 25°C 

C L £ 30 pF 

2 


1 

2 


1 

MHz m j n 

Output Low Level 


0.2 

0.5 


0.2 

0.4 

0.5 

Vmax 

Output High Level 


5.6 

3.8 


5.6 

4.1 

3.8 

Vmin 

Common Mode Rejection 


80 

66 


80 

70 

66 

dB min 

Supply Voltage Rejection 

V| N = 8V to 35V 

90 

60 


90 

64 

60 

dB min 

P.W.M. COMPARATOR 

Minimum Duty Cycle 



O 



0 

O 

% max 

Maximum Duty Cycle 


49 

45 


49 

46 

45 

% min 

Input Threshold 

Zero Duty Cycle 

0.9 

0.6 


0.9 

0.70 

0.6 

Vmin 

Input Threshold 

Max. Duty Cycle 

3.3 

3.6 


3.3 

3.6 

3.6 

Vmax 

Input Bias Current 


0.05 


1.0 

0.05 


1.0 

M-Amax 

SOFT-START SECTION 

Soft Start Current 

^SHUTDOWN = 0V 

50 

80 


50 

74 

80 

^Amax 




25 



36 

25 

^Amin 

Soft Start Voltage 

^SHUTDOWN = 2.0V 

0.35 

0.6 


0.35 

0.5 

0.6 

Vmax 

Shutdown Input Current 

^SHUTDOWN = 2.5V 

0.4 

1.0 


0.4 

0.85 

1.0 

m Amax 

OUTPUT DRIVERS (Each Output) Vc = 20V, Unless otherwise noted 

Undervoltage Lockout Hysteresis 


0.2 



0.2 



V 

Output Low Level 

■sink = 20 mA 

0.2 

0.4 


0.2 

0.35 

0.4 

Vmax 


I S |NK = 100 mA 

1.0 

2.0 


1.0 

1.9 

2.0 

Vmax 

Output High Level 

•source = 20 mA 

19 

18 


19 

18.2 

18 

Vmin 


•source = 100 mA 

18 

17 


18 

17.4 

17 

Vmin 

Undervoltage Lockout 

Vcomp and Vss = High 

7 

8 


7 

7.7 

8 

Vmax 




6 



6.3 

6 

Vmin 

Collector Leakage 

LM1 525A and LM3525A Only 
V c = 35V 


200 



120 

200 

M-Amax 

Rise Time 

C L = 1 nf, Tj = 25°C 

100 


600 

100 


600 

ns max 

Fall Time 

C L = 1 nf, Tj = 25°C 

50 


300 

50 


300 

ns max 
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LM 1 525A/LM 1 527A/LM3525A/LM3527A 


Electrical Characteristics 

Vj n = 20 Vdc, Boldface limits apply from Tmin to Tmax (Note 1), all other limits Tj = 25°C unless otherwise noted (Continued) 




LM1525A 

LM1527A 

LM3525A 

LM3527A 


Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Shutdown Delay 

V SD = 3V, C L = 0, 

Tj = 25°C 

200 


500 

200 


500 

ns max 


TOTAL STANDBY CURRENT 



Note 1: Unless otherwise noted these specifications apply: -55°C < Tj < + 125°C for LM1525A and LM1527A, 0°C < Tj < + 125°C for LM3525A and LM3527A. 
Note 2: Tested limits are guaranteed and 100% tested in production. 

Note 3: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply ranges. 

Note 4: Tested at F osc = 40 kHz (Rt = 3.6k, Ct = 0.01 juF, Rd = 0). 

Note 5: These specifications are also guaranteed with Rt = 150k, Ct = 0.2 jaF, Rd = 0. 

Note 6: Tested with a pulse of width 500 ns and amplitudes of 1.2 and 2.8V at 50 kHz. 

Note 7: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. See Note 1 and conditions. 

Note 8: Do not ground pin 6. 

Note 9: For operation at elevated temperatures, devices in the J package must be derated based on thermal resistance of 90°C/W (junction to ambient), or 
85°C/W in the N package. 


SHUTDOWN OPTIONS (See Block Diagram) 

1. Since both the compensation and soft-start terminals 
(pins 9 and 8) have current source pull-ups, either can 
readily accept a pull-down signal which only has to sink a 
maximum of 1 00 jaA to turn off the outputs. This is sub- 
ject to the added requirement of discharging whatever 
external capacitance may be attached to these pins. 

2. An alternative approach is the use of the shutdown cir- 
cuitry of pin 1 0. Activating this circuit by applying a posi- 
tive-going pulse at pin 10 will result in the output of the 
comparator going high, and thus turning off the outputs. 
The pulse will start the fast discharge of the soft-start 
capacitor. If the shutdown command is short, the PWM 
signal is terminated without significant discharge of the 
soft-start capacitor, thus allowing, for example, a conve- 
nient implementation of pulse-by-pulse current limiting. 


Holding pin 10 high for a long time will ultimately discharge 
the soft-start capacitor, thus recycling slow turn on upon 
release. This method of shutdown is the fastest shutdown 
possible. 

SYNCHRONIZATION PROCEDURE 

The device may be synchronized to an external clock; how-r 
ever the following points have to be observed: a) The fre- 
quency of the free-running oscillator of the device must be 
set at least 10% less than the frequency of the external 
clock, b) The external clock pulse must be at least 300 ns 
wide but must not exceed the free-running pulse width (pin 
4) by more than 200 ns. c) The amplitude of the external 
pulse must be between 2 and 5V. 

Multiple devices may be synchronized together by connect- 
ing all pin 4’s together and all pin 5’s together; pins 6 and 7 
of slave oscillatqr must be left open. 


2-44 





LM1525A Comparator 



TL/H/91 12-3 


LM1525A Output Section 

V REF V IN 



*Q 4 omitted in LM1 527A. TL/H/91 12-6 

Qg replaced by a 2K resistor in LM1527A. 
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V sa t vs Temp at 100 mA 
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VOLTS AT PIN 9 



Oscillator Discharge 
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DISCHARGE TIME (n s) 


Error Amplifier Open-Loop 
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TL/H/91 12-14 
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Typical Applications (Continued) 

LM1525A/1527A Lab Test Fixture 
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National 
Semiconductor 

LM1575-5.0/LM2575-5.0 
Simple Switcher Step-Down 

General Description 

The LM1 575/LM2575 are monolithic integrated circuits that 
provide all the active functions for a step-down (buck) 
switching regulator. These devices feature a 5V output ca- 
pable of driving a 1A load with excellent line and load regu- 
lation. 

Requiring a minimum number of external components, 
these regulators are simple to use and include internal fre- 
quency compensation and a fixed-frequency oscillator. 

The LM 1575/2575 offers a high efficiency replacement for 
popular three-terminal linear regulators. It substantially re- 
duces the size of the heat sink, and in many cases no heat 
sink is required. 

A standard series of inductors are available from several 
different manufacturers optimized for use with the LM1575/ 
LM2575. This feature greatly simplifies the design of switch- 
mode power supplies. 

Other features include a guaranteed ±3% tolerance on out- 
put voltage within specified input voltages and output load 
conditions, and ±10% on the oscillator frequency. External 
shutdown is included, featuring less than 200 jllA standby 


Voltage Regulator 


current. The output switch includes current limiting, as well 
as thermal shutdown for full protection under fault condi- 
tions. 

Features 

■ 5V output, ±3% Max over line and load conditions 

■ Guaranteed 1A output current 

■ Wide input voltage range, 7V to 35V 

■ Requires only 4 external components 

■ 52 kHz fixed frequency internal oscillator 

■ Low power standby mode, Iq typically <200 jaA 

■ 82% efficiency 

■ Uses readily available standard inductors 

■ Thermal shutdown and current limit protection 

Applications 

■ Simple high-efficiency step-down regulator 

■ Efficient pre-regulator for linear regulators 

■ On-card switching regulators 



Typical Application 


7-32V 
Unregulated 
DC Input " 



L_ 

^ 3 Gnd 5 0N/0FF , 330 . 

i-l— C |N C -^ D1 ±-Lc 0UT 

100 mF A1N5822 "T” 220 pY 


+5V @1A 
Regulated 
Output 


Note: Pin numbers are 
for TO-220 Package — — 


Connection Diagram and Order Information 

4-Lead TO-3 (K) 


5-Lead TO-220 (T) 



Order Number LM1575K-5.0, LM2575K-5.0 
See NS Package Number K04A 

For information about LM2575 in dual-in-line or surface-mount packages, contact the factory. 
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LM1575-5.0/LM2575-5.0 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, Minimum ESD Rating 

please contact the National Semiconductor Sales (C = 100 pF, R = 1.5 kft) 2kV 

Office/Distributors for availability and specifications. I_ eac i Temperature 

Total Supply Voltage (see Figure 5 ) 40V (Soldering, 1 0 sec.) 260°C 

ON/OFF Pin Input Voltage -1^V^15V Maximum Junction Temperature 150°C 

Output Voltage to Ground (Steady State) - 1 V Operating T emperature Range 

Power Dissipation Internally Limited LM1 575-5.0 -55°C ^ Tj ^ +150°C 

Storage Temperature Range - 65°C to + 1 50”C LM2575-5.0 - 40°C s: Tj ^ + 1 25°C 

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface 
type apply over full Operating Temperature Range. Unless otherwise specified, Vin = 12V, and Iload = 200 mA. 





LM 1575-5.0 


Unite 

Symbol 

Parameter 

Conditions 

Typ 

Limit 


/I imitet 





(Note 2) 

HeSSIIm 


SYSTEM PARAMETERS (Note 4) Test Circuit Figure 1 

v OUT 

Output Voltage 

Vin = 12V, Iload = 0.2A 

5.0 



V 





4.950 

4.900 

V (Min) 





5.050 

5.100 

V (Max) 

VoUT 

Output Voltage 

0.2A ^ i L oad ^ i A, 8V ^ v iN ^ 35V 

5.0 



V 





4.850/4.800 

4.800/4.750 

V (Min) 





5.150/5.200 

5.200/5.250 

V (Max) 

V 

Efficiency 

Vin = 12V, Iload = 1 A, Vqut = 5V 

82 



% 

DEVICE PARAMETERS 

fo 

Oscillator Frequency 


52 



kHz 





47/43 

47/42 

kHz (Min) 





58/62 

58/63 

kHz (Max) 

VSAT 

Saturation Voltage 

Iout = 1 A (Note 5) 

0.9 



V 





1.2/ 1.4 

1.2/ 1.4 

V (Max) 

DC 

Max Duty Cycle (ON) 

(Note 6) 

98 



% 





93 

93 

% (Min) 

>CL 

Current Limit 

Peak Current, toN ^ 3 jxs (Note 5) 

2.2 



A 





1.7/ 1.3 

1.7/ 1.3 

A (Min) 





3.0/3.2 

3.0/3.2 

A (Max) 

II 

Output Leakage Current 

V| N = 35V, (Note 7), Output = 0V 


2 

2 

mA (Max) 



Output = -IV 

7.5 



mA 





30 

30 

mA (Max) 

•q 

Quiescent Current 

(Note 7) 

5 



mA 





10/12 

10 

mA (Max) 

•STBY 

Standby Quiescent 

ON/OFF Pin = 5V (OFF) 

50 



/xA 


Current 



200/500 

200 

jaA (Max) 

0JA 

Thermal Resistance 

K Package, Junction to Ambient 

35 



°C/W 

0JC 


K Package, Junction to Case 

1.5 




0JA 


T Package, Junction to Ambient 

40 




0JC 


T Package, Junction to Case 

2 




ON/OFF CONTROL Test Circuit Figure 1 

V| H 

ON/OFF Pin Threshold 

Vout = 5V 

1.4 

22/2.4 

2.2/2.4 

V (Min) 

V| L 

Voltage 

Vout = ov 

1.2 

1. 0/0.8 

1. 0/0.8 

V (Max) 

■iH 

ON/OFF Pin Input 

ON/OFF Pin = 5V (OFF) 

12 



jlxA 


Current 



30 

30 

jxA (Max) 

IlL 


ON/OFF Pin = 0V (ON) 

0 



jmA 





10 

10 

jaA (Max) 
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Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
Note 2: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All limits are used to calculate Average 
Outgoing Quality Level, and all are 100% production tested. 

Note 3: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits are 100% 
production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods. 

Note 4: External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance. When the 
LM1575/LM2575 is used as shown in the Figure 1 test circuit, system performance will be as shown in system parameters section of Electrical Characteristics. 
Note 5: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output. 

Note 6: Feedback (pin 4) removed from output and connected to 0 V. 

Note 7: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF. 

Typical Performance Characteristics (Circuit of Figure 1 ) 


Normalized 
Output Voltage 


-'load = 200 

Normalized at 
I T i = 25°C 


-75-50-25 0 25 50 75 100125150 
JUNCTION TEMPERATURE (°C) 


Line Regulation 

+100 — i — . — . — i — . — 

Normalized to V w = 12V 
♦75 l L OAD = 200rT ^ A — I {— 


10 15 20 25 30 35 40 
INPUT VOLTAGE (V) 


Dropout Voltage 




* V 0UT- 

5% 




'load = a 



— 






U) = 200 

mA 

J 







-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Current Limit 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Supply Current 



10 15 20 25 30 35 40 
INPUT VOLTAGE (V) 


Standby 

Quiescent Current 


— 

— 

— 

— 

— 


= 35V, 

rf^ 


— 

— 

V, 


H 

5V 

— 





□ 








_ 







VjN 

25L 



















-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Oscillator Frequency 

I I I I (Normalized at 25°c| 


.;i_ L l L L I i Vfi 

-75-50-25 0 25 50 75 100125150 
JUNCTION TEMPERATURE (°C) 


Switch 

Saturation Voltage 



02 0 A 0.6 0.8 1.0 

SWITCH CURRENT (A) 


Efficiency 



0 5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 
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Typical Performance Characteristics (Continued) 



Switching Waveforms 


Load Transient Response 


+ 100mV 

Output 

Voltage 0 
Change 

— 1 0OmV 


1.0A 

Output n 
Current °- 5A 


' 1 i 

C .51 


d( 



lOOjttsec/div. 

TL/H/1 0527-5 


A: Output pin voltage, lOV/div 
B: Output pin current, lA/div 
C: Inductor current, 0.5A/div 
D: Output ripple voltage, 20 mV/div, AC-coupled 
Horizontal: 5 jmsec/div 


TL/H/1 0527-6 


Test Circuit and Layout Guidelines 



Cin — 509DRSA107M050S (Sprague) 

Cout— 509DRSA227M01 OS (Sprague) 

D1 — any manufacturer 

*for V iN <; 35V, D1 should be 31DQ05 or MBR350. 

Li _ 41 5-0926 (AIE) for I LO ad * 0.9A, 430-0635 (AIE) for I LO ad ^ 1 .0A 
5-pin TO-220 socket — 2396 (Loranger Mfg. Co.) 

4-pin TO-3 socket — 8112-AG7 (Augat Inc.) 

FIGURE 1 


As in any switching regulator, layout is very important. Rap- 
idly switching currents associated with wiring inductance 
generate voltage transients which cause problems. For min- 
imal stray inductance and ground loops, the length of the 
leads indicated by heavy lines should be kept as short as 
possible. Single-point grounding (as indicated) or ground 
plane construction should be used for best results. 


Block Diagram and Typical Application 
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LM1575/LM2575 Design Procedure 


Procedure 

Example 

Given: 

Given: 

V|n (Max) = Maximum input voltage 

V| N (Max) = 18V 

■load (Max) = Maximum load current 

Iload (Max) = 0.8A 

1. Inductor Selection (LI) 

1. Inductor Selection (LI) 

A. From Figure 3 , identify inductor code for region 

A. Code = L330 

indicated by Vin (Max) and Iload (Max). 

B. From Figure 4, identify inductor value from the 

B. Value = 330 jmH 

inductor code. 


C. Select from the three manufacturer’s part numbers 

C. Choose AIE 415-0926, Pulse Engineering 

listed in Figure 4. 

PE 52627, or Renco RL1952 

Alternately, another inductor of the appropriate value may 
be used. It must be rated for operation at the LM2575 
switching frequency (typically 52 kHz), and for a current 
rating of 1 .25 x Iload (Max). 




0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


MAXIMUM LOAD CURRENT (A) 

FIGURE 3. Inductor Value Selection Guide 


TL/H/1 0527-9 


Inductor Code 

Inductor Valve 

AIE® 

Pulse Eng. 9 

Renco 10 

LI 00 

100 juH 

415-0930 

PE-92108 

RL1955 

LI 50 

150 juH 

415-0953 

PE-53113 

RL1954 

L220 

220 jllH 

415-0922 

PE-52626 

RL1953 

L330 

330 juH 

415-0926 

PE-52627 

R LI 952 

L470 

470 julH 

415-0927 

PE-53114 

RL1951 

L680 

680 ju,H 

415-0928 

PE-52629 

RL1950 

H330 

330 jaH 

430-0635 

PE-53117 

RL1962 

H470 

470 ju.H 

430-0634 

PE-53118 

RL1961 

H680 

680 julH 

415-0935 

PE-53119 

RL1960 

HI 000 

1000 juH 

415-0934 

PE-53120 

R LI 959 


FIGURE 4. Inductor Selection by Manufacturer’s Part Number 

Note 8: AIE Magnetics, Div. Vernatron Corp. Passive Components Group, Note 9: Pulse Engineering, (619) 268-2400 

(813) 347-2181 P.O. Box 12235, San Diego, CA 92112 

2801 72nd Street North, St. Petersburg, FL 33710 Note 10: Ren co Electronics Inc., (516) 586-5566 

60 Jeffryn Blvd. East, Deer Park, NY 11729 
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LM1575/LM2575 Design Procedure (Continued) 


2 . 


3. 


Procedure (Continued) 


Example (Continued) 


Output Capacitor Selection (Cout) 

A. The output capacitor value and the type of capacitor 
used will determine the amount of ripple voltage that 
appears as the output. A value of between 220 jx F and 
1000 jliF is recommended. Selecting a low ESR 
(Equivalent Series Resistance) capacitor will result in the 
lowest amount of ripple. The lower capacitor values will 
allow typically 50 mV to 1 50 mV of output ripple, while 
larger-value capacitors will reduce the ripple to 
approximately 35 mV to 50 mV. 

To further reduce the output ripple voltage, several low- 
value standard capacitors may be paralleled, or a higher- 
grade capacitor may be used. Such capacitors are often 
called “high-frequency”, “low-inductance”, or “low-ESR”. 
These will reduce the output ripple to 1 0 mV to 20 mV. 
However, reducing the ESR below 0.05H can cause 
instability. For this reason, the use of tantalum capacitors 
is not recommended. 

B. The capacitor’s voltage rating should be at least 1 .25 
times greater than the output voltage. For a 5V regulator, 
a rating of at least 6.3V is appropriate, and a 1 0V rating is 
recommended. 

Catch Diode Selection (D1) 

The catch diode current rating must be at least 1 .2 times 
greater than the maximum load current. Also, if the power 
supply design must withstand continuous shorted output 
conditions, the diode current rating should be greater than 
3A. The most stressful condition for this diode is an 
overload or short circuit condition. 

A. The reverse voltage rating of the diode should be at 
least 1 .25 times the maximum input voltage. 

B. Because of their fast switching speed and low forward 
voltage drop, Schottky diodes provide the best efficiency, 
especially in 5V switching regulators. Fast-Recovery, 
High-Efficiency, or Ultra-Fast Recovery diodes are also 
suitable, but some types with an abrupt turn-off 
characteristic may cause instability and EMI problems. A 
fast-recovery diode with soft recovery characteristics is a 
better choice. To prevent damage to the LM2575, fast- 
recovery diodes should not be used for V/n ^ 35V. 
Standard 60 Hz diodes (e.g., 1 N4001 , etc.) are also not 
suitable. See Figure 5 for Schottky and “soft” fast- 
recovery diode selection guide. 


2. Output Capacitor Selection (Cout) 

A. Cout = 220 jaF to 1000 ju.F standard aluminum 
electrolytic or 

Cout = 470 to 1 000 jaF high-grade capacitor 
(see text) 


B. Capacitor voltage rating = 10V 


3. Catch Diode Selection (D1) 

A. For this example, a 20V rating is adequate. 

B. Use the 1 N5821 or 31 DQ03 Schottky diodes, or any of 
the suggested fast-recovery diodes. 


V| N (Max) 

Current 

Rating 

Use Part Number (or Equivalent) 

Schottky 

Fast-Recovery 

20V 

3A 

1N5821 

31DQ03 

FR302, HER302 
or MR850 
(All These are 

Rated over 35V) 

30V 

3A 

1N5822 or 
31DQ04 

40V 

3A 

31DQ05 

MBR350 

Not Recommended 
( See Text) 


FIGURE 5. Diode Selection Guide 


Application Hints 

Input Capacitor (Cin) 

To maintain stability, the regulator input pin must be by- 
passed with at least a 22 jaF electrolytic capacitor. The ca- 
pacitor’s leads must be kept short, and located as close as 
possible to the regulator. 

If the operating temperature range includes temperatures 
below -25°C, the input capacitor value may need to be 
larger. (This also applies to the output capacitor.) With most 
electrolytic capacitors, the capacitance value decreases 
and the ESR increases with lower temperatures and age. 
For maximum capacitor operating lifetime, the capacitor’s 


RMS ripple current rating should be greater than 1.2 x 
(toN/T) x Iload- 

Feedback Connection 

The LM2575 feedback circuitry is designed so that, when 
the output voltage is connected directly to the Feedback 
pin, the output voltage is 5V. 

ON/OFF Input 

For normal operation, the ON/OFF pin should be grounded 
or driven with a low-level TTL voltage. To put the regulator 
into standby mode, drive this pin with a high-level TTL sig- 
nal. 


2-56 






Application Hints (Continued) 

Grounding 

To maintain output voltage stability, the power ground con- 
nections must be low-impedance (see Figure 1 ). For the 
TO-3 style package, the case is ground. For the 5-lead 
10-220 style package, both the tab and pin 3 are ground 
and either connection may be used, as they are both part of 
the same copper leadframe. 

Heat Sink/Thermal Considerations 

In many cases, no heat sink is required to keep the LM2575 
junction temperature within the allowed operating range. For 
each application, to determine whether or not a heat sink 
will be required, the following must be identified: 

1. Maximum ambient temperature (in the application). 

2. Maximum regulator power dissipation (in application). 

3. Maximum allowed junction temperature (150°C for 
LM1575 or 125°C for the LM2575). For a safe, conserva- 
tive design, a temperature approximately 15°C cooler 
than the maximum temperatures should be selected. 

4. LM2575 package thermal resistances 0ja and 0jc- 
Total power dissipated by the LM2575 can be calculated as 
follows: 

p d = (ViN)fls) + (V 0 /V| N )(Iload)(Vsat) 
where Is (supply current) and Vsat can be found in the 
Characteristic Curves shown previously, Vin is the applied 
minimum input voltage, Vo is the regulated output voltage, 
and Iload is the load current. The dynamic losses during 
turn-on and turn-off are negligible if a Schottky is used as 
the catch diode. 

When no heat sink is used, the junction temperature rise 
can be determined by the following: 

ATj = (P D )(0 JA ) 

To arrive at the actual operating junction temperature, add 
the junction temperature rise to the maximum ambient tem- 
perature. 

Tj = ATj + T A 

If the actual operating junction temperature is greater than 
the selected safe operating junction temperature deter- 
mined step 3, then a heat sink is required. 

When using a heat sink, the junction temperature rise can 
be determined by the following: 

ATj = (Pd)(0jc + 0interface + 0Heat sink) 

The operating junction temperature will be: 

Tj = T A + ATj 

As above, if the actual operating junction temperature is 
greater than the selected safe operating junction tempera- 
ture, then a larger heat sink is required (one that has a lower 
thermal resistance). 

Definition of Terms 

Buck Regulator 

A switching regulator topology in which a higher voltage is 
converted to a lower voltage. Also known as a step-down 
switching regulator. 


Catch Diode 

The diode which provides a return path for the load current 
when the LM2575 switch is OFF. 


Duty Cycle (D) 

Ratio of the output switch’s on-time to the oscillator period. 


D = ^ for buck regulator 

T Vin 

where T is the oscillator period, typically 1/52 kHz. 


Efficiency ( rj ) 

The proportion of input power actually delivered to the load. 

= P OUT = P OUT 

P IN P OUT + P LOSS 
Equivalent Series Inductance (ESL) 

The pure inductance component of a capacitor (see Figure 
6). The amount of inductance is determined to a large ex- 
tent on the capacitor’s construction. 


ESR ESL C 

TL/H/1 0527-10 

FIGURE 6. Simple Model of a Real Capacitor 

Equivalent Series Resistance (ESR) 

The purely resistive component of a real capacitor’s imped- 
ance. (see Figure 6). It causes power loss resulting in ca- 
pacitor heating, which directly affects the capacitor’s oper- 
ating lifetime. When used as a switching regulator output 
filter, higher ESR values result in higher output ripple volt- 
ages. 

Most standard aluminum electrolytic capacitors in the 
220 jitF— 1 000 ju,F range have 0.1 a to 0.3a ESR. Higher- 
grade capacitors (“low-ESR”, “high-frequency”, or “low-in- 
ductance”) in the 220 juF-1000 ju.F range generally have 
ESR of less than 0.15a. 

Output Ripple Voltage 

The AC component of the switching regulator’s output volt- 
age. It is usually dominated by the output capacitor’s ESR 
multiplied by the inductor’s ripple current. The peak-to-peak 
value of this sawtooth ripple current will be typically 40% of 
the maximum load current (when the Design Procedure in 
the datasheet is followed). 

Ripple Current 

RMS value of the maximum allowable alternating current at 
which a capacitor can be operated continuously at a speci- 
fied temperature. 

Standby Current (Istby) 

Supply current required by the LM2575 when in the standby 
mode (ON/OFF pin is driven to TTL-high voltage), thus turn- 
ing the output switch OFF. 
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Ground 
(Case of 
TO-3 Pkg.) 


V|N 


Normal 

Operation 


Voltage Waveform 
& Values 


Observed 

Problem 

Probable 

Reason 


Feedback 

4 

DC, Vqut (5VTyp.) Plus 
Tri-Wave Ripple Voltage 
Plus Switching Noise 

0 < V4 < 5V 

Vin Is Too Low 

Regulator Is in Current 
Limit 

Increase Vin to 7V 
Reduce Load to 

Less Than 1 A 




V4 = 0V 

ON/OFF Pin Is Not 
“Low” 

Apply Correct 

Voltage to ON/OFF 

Pin 




No Pulse Regulator Is Unloaded 

Train 

Observed but 

Vqut = 5V 

Pulse Width Scope Not T riggered 

Not Steady or 


JUL 


— (Vin-Vsat) 

— (“V D ) 


T = 1/fosC “ 19.2 juts 
(Typ.) 


Iqn a Vqut 
T V, N 


C|n Is Too Far from 
LM2575 


Regulator Is in Current 
Limit 

“Hard” Fast Recovery 
Diode Used 


LM2575 Not Seated 
Firmly in Its Socket 
(if Used) 




DC, Vjisi (from 
Unregulated Source) 


V5 > OV 

Pin Control Not Set for 
Normal Operation 
(Improper Logic or 
Connection) 

Noisy 

Probe Ground Lead Is 
Picking up Switching 

Noise 

0 < VI < V| N 

Input Supply Overloaded 


Add 200 mA Load to 
Observe Switching 


Adjust Scope Trigger 


Reposition Capacitor 
as Close as Possible 
to Input Pin, so That 
Lead Length ^1" 

Reduce Load to 
Less Than 1A 

Change Diode to 
Schottky or “Soft” 
Fast Recovery Type 
(as Recommended) 

Improve 
Connections of 
Device to Circuit 


Apply Correct 
Voltage to Pin 


Use Short Ground 
Leader) 


Verify That Input 
Supply Is Capable of 
Delivering at Least 
(5V x I load x 
1 .3)/V|n Amps 
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National 
Semiconductor 

LM 1 578A/LM2578A/LM3578A Switching Regulator 

General Description 

The LM1578A is a switching regulator which can easily be 
set up for such DC-to-DC voltage conversion circuits as the 
buck, boost, and inverting configurations. The LM1578A 
features a unique comparator input stage which not only 
has separate pins for both the inverting and non-inverting 
inputs, but also provides an internal 1 .OV reference to each 
input, thereby simplifying circuit design and p.c. board lay- 
out. The output can switch up to 750 mA and has output 
pins for its collector and emitter to promote design flexibility. 

An external current limit terminal may be referenced to ei- 
ther the ground or the Vj n terminal, depending upon the ap- 
plication. In addition, the LM1578A has an on board oscilla- 
tor, which sets the switching frequency with a single exter- 
nal capacitor from <1 Hz to 1 00 kHz (typical). 

The LM1578A is an improved version of the LM1578, offer- 
ing higher maximum ratings for the total supply voltage and 
output transistor emitter and collector voltages. 


Features 

■ Inverting and non-inverting feedback inputs 

■ 1 .0V reference at inputs 

■ Operates from supply voltages of 2V to 40V 

■ Output current up to 750 mA, saturation less than 0.9V 

■ Current limit and thermal shut down 

■ Duty cycle up to 90% 

Applications 

■ Switching regulators in buck, boost, inverting, and 
single-ended transformer configurations 

■ Motor speed control 

■ Lamp flasher 



Functional Diagram 



TIMING CAPACITOR 
PIN 3 


TL/H/8711-1 
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D> 

CO 


00 

!o 

CM 


< 

€0 

LO 


Absolute Maximum Ratings (Note i) 

If Military /Aerospace specified devices are required, Maximum Junction Temperature 150°C 

please contact the National Semiconductor Sales ESD Tolerance (Note 4) 2kV 

Office/Distributors for availability and specifications. 

Total supply voltage 5ov Operating Ratings 

Collector Output to Ground - 0.3V to + 50V Ambient Temperature Range 

Emitter Output to Ground (Note 2) - 1 V to + 50V LM 1 578A - 55°C ^ Ta ^ + 1 25°C 

Power Dissipation (Note 3) Internally limited LM2578A -40°C £ Ta ^ +85°C 

. . ' * A LM3578A 0°C £ T A <: + 70°C 

Output Current 750 mA M 

Junction Temperature Range 

Storage Temperature -65°Cto +150’C LM15 78A -55»C <; Tj £ + 150‘C 

Lead Temperature LM2578A -40°C <: Tj <: + 125°C 

(soldering, 1 0 seconds) 260°C LM3578A 0°C ^ Tj ^ + 1 25°C 

Electrical Characteristics 

These specifications apply for 2 V £ Vin ^ 40V (2.2 V £ Vin ^ 40V for Tj £ -25°C), timing capacitor Cj = 3900 pF, and 25% 

£ duty cycle ^ 75%, unless otherwise specified. Values in standard typeface are for Tj = 25°C; values in boldface type apply 
for operation over the specified operating junction temperature range. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LM1578A 

Limit 
(Note 6) 

LM2578A/ 
LM3578A 
Limit 
(Note 7) 

Units 

OSCILLATOR 

fosc 

Frequency 


20 


24 

16 

kHz 

kHz (max) 
kHz (min) 


Frequency Drift with 
Temperature 


-0.13 





Amplitude 


550 



ISM 

REFERENCE/COMPARATOR (Note 8) 

Vr 

Input Reference 
Voltage 

H = I2 = 0 mA and 
h = l 2 = 1 mA ± 1 % (Note 9) 

1.0 

1.035/1.050 

0.965/0.950 

1.050/1.070 

0.950/0.930 

V 

V (max) 

V (min) 

AVr/AVin 

Input Reference Volt- 
age Line Regulation 



0.01/0.02 

0.01/0.02 

%/V 

%/V (max) 

*INV 

Inverting Input 

Current 

li = I2 = 0 mA, duty cycle = 25% 






Level Shift Accuracy 

Level Shift Current = 1 mA 

m 



pSj 

AV R /At 

Input Reference 
Voltage Long Term 
Stability 


100 



ppm/IOOOh 

OUTPUT 

V c (sat) 

Collector Saturation 
Voltage 

lc = 750 mA pulsed, Emitter 
grounded 

0.7 




V E (sat) 

Emitter Saturation 
Voltage 

Iq = 80 mA pulsed, 

V|n = V c = 40V 

1.4 

1 . 6/2.1 

1 . 7/2.0 

V 

V (max) 

Ices 

Collector Leakage 
Current 

Vin = Vce = 40V, Emitter 
grounded, Output OFF 

0.1 

50/100 

200/250 

ISSHHj 

BV CEO(SUS) 

Collector-Emitter 
Sustaining Voltage 

IsuST = 0-2A (pulsed), V| N = 0 

60 

50 

50 

Wm 
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Electrical Characteristics (continued) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LM1578A 
Limit 
(Note 6) 

LM2578A/ 
LM3578A 
Limit 
(Note 7) 

Units 

CURRENT LIMIT 

VcL 

Sense Voltage 
Shutdown Level 

Referred to Vin or Ground 
(Note 10) 

110 

95 

140 

80 

160 

mV 

mV (min) 
mV (max) 

AVcl/AT 

Sense Voltage 
Temperature Drift 





%/°C 


Sense Bias Current 

Referred to Vin 

Referred to ground 

4.0 

0.4 




DEVICE POWER CONSUMPTION 

•s 

Supply Current 

Output OFF, V E = 0V 

2.0 

3.0/3.3 

3. 5/4.0 

mA 

mA (max) 

Output ON, lc = 750 mA pulsed, 
V E = OV 

14 



mA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC 
the device beyond its rated operating conditions. 

Note 2: For Tj ^ 100°C, the Emitter pin voltage should not be driven more than 0.6 V below ground (see A| 
Note 3: At elevated temperatures, devices must be derated based on package thermal resistance. The devic< 
junction to ambient, or 45°C/W, junction to case. The device in the 8-pin DIP must be derated at 95°C/W, j 
package must be derated at 1 50°C/W, junction-to-ambient. 

Note 4: Human body model, 1.5 kft in series with 100 pF. 

Note 5: Typical values are for Tj = 25 # C and represent the most likely parametric norm. 

Note 6: All limits guaranteed and 100% production tested at room temperature (standard type face) and at te 
used to calculate Average Outgoing Quality Level (AOQL). 

Note 7: All limits guaranteed at room temperature (standard type face) and at temperature extremes (b 
production tested. Limits at temperature extremes are guaranteed via correlation using standard Statistical ( 
calculate AOQL. 

Note 8: Input terminals are protected from accidental shorts to ground but if external voltages higher than the 
flow and should be limited to less than 5 mA. 

Note 9: l-j and I 2 are the external sink currents at the inputs (refer to Test Circuit). 

Note 10: Connection of a 10 kft resistor from pin 1 to pin 4 will drive the duty cycle to its maximum, typice 
Voltage to pin 7 will not reduce the duty cycle to less than 50%. Applying the maximum Current Limit Sensi 
below 50%. Increasing this voltage by 15 mV may be required to reduce the duty cycle to 0%, when the Colli 
ferred Current Limit Sense Voltage typical curve). 

Connection Diagram and Ordering Information 

Metal Can Di 

V IN 

C=a - INPUT - 

current + INPUT - 

-INPUT m Q LIMIT osc _ 

♦ INPUT m A) COLLECTOR 

/ Order Number 

0SC JT) EMITTER See NS F 

GND 

TL/H/8711-28 

Top View 

Order Number LM1578AH, LM2578AH, 
or LM3578AH 

See NS Package Number H08C 

electrical specifications do not apply when operating 

^plication Information). 

in the TO-99 package must be derated at 150°C/W, 
unction to ambient. The device in the surface-mount 

mperature extremes (bold type face). All limits are 

old type face). Room temperature limits are 100% 
Duality Control (SQC) methods. All limits are used to 

reference voltage are applied, excessive current will 

illy 90%. Applying the minimum Current Limit Sense 
s Voltage to pin 7 is certain to reduce the duty cycle 
actor output swing is 40V or greater (see Ground-Re- 

jal-ln-Line Package 

1 8 

2 7 

3 6 

4 5 

-v, N 

-CURRENT LIMIT 

-COLLECTOR 

—EMITTER 

TL/H/8711-29 

LM3578AM, LM2578AN or LM3578AN 
’ackage Number M08A or N08E 
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Typical Performance Characteristics 


Oscillator Frequency Change 
with Temperature 
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Test Circuit* 


Parameter tests can be made using the test circuit shown. 
Select the desired Vj n , collector voltage and duty cycle with 
adjustable power supplies. A digital volt meter with an input 
resistance greater than 1 00 MH should be used to measure 
the following: 

Input Reference Voltage to Ground; SI in either posi- 
tion. 

Level Shift Accuracy (%) = (T P3 (V)/1V) X 100%; SI at 

11 = l 3 = 1 mA 

Input Current (mA) = (1 V - T P 3 (V))/1 Mft: SI at li = 

1 2 = 0 mA. 

Oscillator parameters can be measured at T P 4 using a fre- 
quency counter or an oscilloscope. 


The Current Limit Sense Voltage is measured by connecting 
an adjustable 0-to-1V floating power supply in series with 
the current limit terminal and referring it to either the ground 
or the Vj n terminal. Set the duty cycle to 90% and monitor 
test point Tps while adjusting the floating power supply volt- 
age until the LM1578A’s duty cycle just reaches 0%. This 
voltage is the Current Limit Sense Voltage. 

The Supply Current should be measured with the duty cycle 
at 0% and Si in the li = I 2 = 0 mA position. 

*LM1578A specifications are measured using automated 
test equipment. This circuit is provided for the customer’s 
convenience when checking parameters. Due to possible 
variations in testing conditions, the measured values from 
these testing procedures may not match those of the 
factory. 


V IN V COLLECT0R 
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Definition of Terms 

Input Reference Voltage: The reference voltage referred 
to ground, applied to either the inverting or non-inverting 
inputs, which will cause the output to switch ON or OFF. 
Input Reference Current: The current applied to either the 
inverting or the non-inverting input which will cause the out- 
put to switch ON or OFF. 

Input Level Shift Accuracy: If there are two equal resistors 
sinking current from the inverting and non-inverting input 
terminals, the Input Level Shift Accuracy is the ratio of the 
voltage across the resistors to produce a given duty cycle at 
the output. 

Collector Saturation Voltage: With the inverting input ter- 
minal grounded thru a 10 kfl resistor and the output transis- 
tor’s emitter connected to ground, the Collector Saturation 
Voltage is the collector-to-emitter voltage for a given collec- 
tor current. 

Emitter Saturation Voltage: With the inverting input termi- 
nal grounded thru a 10 kfl resistor and the output transis- 


tor’s collector connected to Vj n , the Emitter Saturation Volt- 
age is the collector-to-emitter voltage for a given emitter 
current. 

Collector Emitter Sustaining Voltage: The collector-emit- 
ter breakdown voltage of the output transistor, measured at 
a specified current. 

Current Limit Sense Voltage: The voltage at the Current 
Limit pin, referred to either the supply or the ground termi- 
nal, which (via logic circuitry) will cause the output transistor 
to turn OFF and resets cycle-by-cycle at the oscillator fre- 
quency. 

Current Limit Sense Current: The bias current for the Cur- 
rent Limit terminal with the applied voltage equal to the Cur- 
rent Limit Sense Voltage. 

Supply Current: The 1C power supply current, excluding the 
current drawn through the output transistor, with the oscilla- 
tor operating. 
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Functional Description 

The LM1578A is a pulse-width modulator designed for use 
as a switching regulator controller. It may also be used in 
other applications which require controlled pulse-width volt- 
age drive. 

A control signal, usually representing output voltage, fed 
into the LM1578A’s comparator is compared with an inter- 
nally-generated reference. The resulting error signal and the 
oscillator’s output are fed to a logic network which deter- 
mines when the output transistor will be turned ON or OFF. 
The following is a brief description of the subsections of the 
LM1578A. 

COMPARATOR INPUT STAGE 

The LM1578A’s comparator input stage is unique in that 
both the inverting and non-inverting inputs are available to 
the user, and both contain a 1 .OV reference. This is accom- 
plished as follows: A 1.0V reference is fed into a modified 
voltage follower circuit (see FUNCTIONAL DIAGRAM). 
When both input pins are open, no current flows through R1 
and R2. Thus, both inputs to the comparator will have the 
potential of the 1.0V reference, Va- When one input, for 
example the non-inverting input, is pulled AV away from Va, 
a current of AV/R1 will flow through R1. This same current 
flows through R2, and the comparator sees a total voltage 
of 2AV between its inputs. The high gain of the system, 
through feedback, will correct for this imbalance and return 
both inputs to the 1 .OV level. 

This unusual comparator input stage increases circuit flexi- 
bility, while minimizing the total number of external compo- 
nents required for a voltage regulator system. The inverting 
switching regulator configuration, for example, can be set up 
without having to use an external op amp for feedback po- 
larity reversal (see TYPICAL APPLICATIONS). 

OSCILLATOR 

The LM1578A provides an on-board oscillator which can be 
adjusted up to 100 kHz. Its frequency is set by a single 
external capacitor, Ci, as shown in Figure 1, and follows the 
equation 

foSC = 8X10 - 5/C-j 

The oscillator provides a blanking pulse to limit maximum 
duty cycle to 90%, and a reset pulse to the internal circuitry. 



1 10 100 


FREQUENCY (kHz) 

TL/H/8711-4 

FIGURE 1. Value of Timing Capacitor vs 
Oscillator Frequency 


OUTPUT TRANSISTOR 

The output transistor is capable of delivering up to 750 mA 
with a saturation voltage of less than 0.9 V. (see Collector 
Saturation Voltage and Emitter Saturation Voltage curves). 
The emitter must not be pulled more than IV below ground 
(this limit is 0.6V for Tj ^ 100°C). Because of this limit, an 
external transistor must be used to develop negative output 
voltages (see the Inverting Regulator Typical Application). 
Other configurations may need protection against violation 
of this limit (see the Emitter Output section of the Applica- 
tions Information). 

CURRENT LIMIT 

The LM1578A’s current limit may be referenced to either 
the ground or the Vj n pins, and operates on a cycle-by-cycle 
basis. 

The current limit section consists of two comparators: one 
with its non-inverting input referenced to a voltage 110 mV 
below Vj n , the other with its inverting input referenced 
110 mV above ground (see FUNCTIONAL DIAGRAM). The 
current limit is activated whenever the current limit terminal 
is pulled 1 1 0 mV away from either Vj n or ground. 

Applications Information 

CURRENT LIMIT 

As mentioned in the functional description, the current limit 
terminal may be referenced to either the Vj n or the ground 
terminal. Resistor R3 converts the current to be sensed into 
a voltage for current limit detection. 



FIGURE 2. Current Limit, Ground Referred 



FIGURE 3. Current Limit, V in Referred 
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Applications Information (Continued) 

CURRENT LIMIT TRANSIENT SUPPRESSION 

When noise spikes and switching transients interfere with 
proper current limit operation, R1 and Cl act together as a 
low pass filter to control the current limit circuitry’s response 
time. 

Because the sense current of the current limit terminal var- 
ies according to where it is referenced, R1 should be less 
than 2 kn when referenced to ground, and less than 1 0Ofl 
when referenced to Vj n . 



FIGURE 4. Current Limit Transient Suppressor, 
Ground Referred 


V|N 



FIGURE 5. Current Limit Transient Suppressor, 

V| n Referred 

C.L. SENSE VOLTAGE MULTIPLICATION 

When a larger sense resistor value is desired, the voltage 
divider network, consisting of R1 and R2, may be used. This 
effectively multiplies the sense voltage by (1 + R1/R2). 
Also, R1 can be replaced by a diode to increase current limit 
sense voltage to about 800 mV (diode Vf + 1 10 mV). 



FIGURE 6. Current Limit Sense Voltage Multiplication, 
Ground Referred 


V| M 



FIGURE 7. Current Limit Sense Voltage Multiplication, 
Vj n Referred 

UNDER-VOLTAGE LOCKOUT 

Under-voltage lockout is accomplished with few external 
components. When Vj n becomes lower than the zener 
breakdown voltage, the output transistor is turned off. This 
occurs because diode D1 will then become forward biased, 
allowing resistor R3 to sink a greater current from the non- 
inverting input than is sunk by the parallel combination of R1 
and R2 at the inverting terminal. R3 should be one-fifth of 
the value of R1 and R2 in parallel. 



MAXIMUM DUTY CYCLE LIMITING 

The maximum duty cycle can be externally limited by adjust- 
ing the charge to discharge ratio of the oscillator capacitor 
with a single external resistor. Typical values are 50 fxA for 
the charge current, 450 jllA for the discharge current, and a 
voltage swing from 200 mV to 750 mV. Therefore, R1 is 
selected for the desired charging and discharging slopes 
and Cl is readjusted to set the oscillator frequency. 
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Applications Information (Continued) 

V| N 



TL/H/871 1 -21 

FIGURE 9. Maximum Duty Cycle Limiting 
DUTY CYCLE ADJUSTMENT 

When manual or mechanical selection of the output transis- 
tor’s duty cycle is needed, the cirucit shown below may be 
used. The output will turn on with the beginning of each 
oscillator cycle and turn off when the current sunk by R2 
and R3 from the non-inverting terminal becomes greater 
than the current sunk from the inverting terminal. 

With the resistor values as shown, R3 can be used to adjust 
the duty cycle from 0% to 90%. 

When the sum of R2 and R3 is twice the value of R1, the 
duty cycle will be about 50%. Cl may be a large electrolytic 
capacitor to lower the oscillator frequency below 1 Hz. 



REMOTE SHUTDOWN 

The LM1578A may be remotely shutdown by sinking a 
greater current from the non-inverting input than from the 
inverting input. This may be accomplished by selecting re- 
sistor R3 to be approximately one-half the value of R1 and 
R2 in parallel. 



FIGURE 1 1. Shutdown Occurs when V|_ is High 


EMITTER OUTPUT 

When the LM1578A output transistor is in the OFF state, if 
the Emitter output swings below the ground pin voltage, the 
output transistor will turn ON because its base is clamped 
near ground. The Collector Current with Emitter Output Be- 
low Ground curve shows the amount of Collector current 
drawn in this mode, vs temperature and Emitter voltage. 
When the Collector-Emitter voltage is high, this current will 
cause high power dissipation in the output transistor and 
should be avoided. 

This situation can occur in the high-current high-voltage 
buck application if the Emitter output is used and the catch 
diode’s forward voltage drop is greater than 0.6V. A fast-re- 
covery diode can be added in series with the Emitter output 
to counter the forward voltage drop of the catch diode (see 
Figure 2). For better efficiency of a high output current buck 
regulator, an external PNP transistor should be used as 
shown in Figure 16. 



FIGURE 12. D1 Prevents Output Transistor from 
Improperly Turning ON due to D2’s Forward Voltage 
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Applications Information (Continued) 

SYNCHRONIZING DEVICES 

When several devices are to be operated at once, their os- 
cillators may be synchronized by the application of an exter- 
nal signal. This drive signal should be a pulse waveform with 
a minimum pulse width of 2 jms. and an amplitude from 1 ,5V 
to 2.0V. The signal source must be capable of 1.) driving 
capacitive loads and 2.) delivering up to 500 juA for each 
LM1578A. 

Capacitors Cl thru CN are to be selected for a 20% slower 
frequency than the synchronization frequency. 



2 

(min.) 

TL/H/8711-25 

FIGURE 13. Synchronizing Devices 

Typical Applications 

The LM1578A may be operated in either the continuous or 
the discontinuous conduction mode. The following applica- 
tions (except for the Buck-Boost Regulator) are designed 
for continuous conduction operation. That is, the inductor 
current is not allowed to fall to zero. This mode of operation 
has higher efficiency and lower EMI characteristics than the 
discontinuous mode. 

BUCK REGULATOR 

The buck configuration is used to step an input voltage 
down to a lower level. Transistor Q1 in Figure 14 chops the 
input DC voltage into a squarewave. This squarewave is 
then converted back into a DC voltage of lower magnitude 
by the low pass filter consisting of LI and Cl. The duty 
cycle, D, of the squarewave relates the output voltage to the 
input voltage by the following equation: 

Vout = D X Vj n = Vj n X (t on )/(t on + t 0 ff). 



Figure 15 is a 15V to 5V buck regulator with an output cur- 
rent, l 0> of 350 mA. The circuit becomes discontinuous at 
20% of l 0 (max)> has 10 mV of output voltage ripple, an effi- 
ciency of 75%, a load regulation of 30 mV (70 mA to 
350 mA) and a line regulation of 10 mV (12 £ Vj n £ 18V). 


Component values are selected as follows: 

R1 = (V 0 - 1) X R2 where R2 = 10 ka 
R3 = V/I sw ( max ) 

R3 = 0.15H 
where: 

V is the current limit sense voltage, 0.11V 
•sw(max) is the maximum allowable current thru the out- 
put transistor. 

LI is the inductor and may be found from the inductance 
calculation chart {Figure 16) as follows: 

Given V in = 15V V 0 = 5V 

lo(max) = 350 mA f 0 sc = 50 kHz 
Discontinuous at 20% of l 0 (max)- 
Note that since the circuit will become discontinuous at 
20% of l 0 (max). the load current must not be allowed to fall 
below 70 mA. 

Step 1: Calculate the maximum DC current through the in- 
ductor, li_(max)- The necessary equations are indicated at 
the top of the chart and show that li_(max) = lo(max) tor the 
buck configuration. Thus, l|_(max) = 350 mA. 

Step 2: Calculate the inductor Volts-sec product, E-T op , ac- 
cording to the equations given from the chart. For the Buck: 
E-Top = (V in " V 0 ) (V 0 /V in ) (1000/f osc ) 

= (15 - 5) (5/15) (1000/50) 

= 66V-/as. 

with the oscillator frequency, f 0S c. expressed in kHz. 


v in = 15V 

Vo = 5V 
Vripple = 10 mV 
lo = 350 mA 
f osc = 50 kHz 
R1 = 40 k SI 
R2 = 10 kft 
R3 = o.isn 

h-0 V 0 Cl = 1820 pF 

+ C2 = 220 jliF 

“C2 C3 = 20 pF 

LI = 470 mH 
D1 = 1N5818 


TL/H/8711-6 

FIGURE 15. Buck or Step-Down Regulator 
Step 3: Using the graph with axis labeled “Discontinuous At 
% Iout” and “lL(max, DC)” find the point where the desired 
maximum inductor current, lL(max, DC) intercepts the desired 
discontinuity percentage. 

In this example, the point of interest is where the 0.35A line 
intersects with the 20% line. This is nearly the midpoint of 
the horizontal axis. 

Step 4: This last step is merely the translation of the point 
found in Step 3 to the graph directly below it. This is accom- 
plished by moving straight down the page to the point which 
intercepts the desired E-T op . For this example, E-T op is 
66V-jus and the desired inductor value is 470 jaH. Since this 
example was for 20% discontinuity, the bottom chart could 
have been used directly, as noted in step 3 of the chart 
instructions. 
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HOW TO USE THIS CHART 


©CALCULATE 
'l, MAX DC 
HERE 

©CALCULATE 
E-Tqp HERE 


©ENTER 
REQUIRED % 
DISCONTINUITY 
AIl-100% 

_2, UMAX DC 
HERE — 

IF ”20%" PROCEED] 
TO© 

©PROCEED ► 

HORIZONTALLY TO 
'UMAX DC 
FROM© 

©FROM 
'UMAX DC 
PROCEED 
VERTICALLY 
TO 


I 


E-T ( 


'OP 


FROM © 


©READ 

INDUCTANCE 
VALUE AT 
E-Tqp FOR 
'UMAX DC 


©READ 
'UMAX DC 
FROM © HERE - 

© READ INDUCTANCE 
VALUE AT E-Tqp 
F0R 'UMAX DC 


BUCK 

BOOST 

INVERT 


1 L = 1 LOAD 

1 -1 V ° 
•l-'load w 

.IN 

, . V IN + W 

'l-'load • „ 

V IN 

'l 


rv-v U V|N . 1000 
(V 0 V ' n) v 0 F, kHz 

U |V 0 I .1000 

IN V IN + |V 0 1 F.kHz 

E-Tqp 


.5 1.0A 



05 JOB 0.1 A .2 .5 

FOR 20% DISCONTINUITY: I L , MAX DC (AMPS) - 


2 5 8 10.0A 

© NATIONAL SEMICONDUCTOR CORP. 1988 


FIGURE 17. DC/DC Inductance Calculator 
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Typical Applications (Continued) 




Typical Applications (Continued) 

For a full line of standard inductor values, contact Pulse 
Engineering (San Diego, Calif.) regarding their PE526XX se- 
ries, or A. I. E. Magnetics (Nashville, Tenn.). 

A more precise inductance value may be calculated for the 
Buck, Boost and Inverting Regulators as follows: 

BUCK 

L = V 0 (V in - V 0 )/(AI L V in f osc ) 

BOOST 

L = V in 2 (V 0 - V in )/(AI L f 0SC V 0 2) 

INVERT 

L = V in 2 |V 0 |/[AI L (Vj n + |V 0 |)2f osc ] 
where Al|_ is the current ripple through the inductor. Al|_ is 
usually chosen based on the minimum load current expect- 
ed of the circuit. For the buck regulator, since the inductor 
current II equals the load current Iq, 

AIl = 2 • lo(min) 

Al|_ = 140 mA for this circuit. AIl can also be interpreted as 
AIl = 2 • (Discontinuity Factor) • II 
where the Discontinuity Factor is the ratio of the minimum 
load current to the maximum load current. For this example, 
the Discontinuity Factor is 0.2. 


The remainder of the components of Figure 15 are chosen 
as follows: 

Cl is the timing capacitor found in Figure 1. 

C2 :> V 0 (V in - V 0 )/(8f 0SC 2V in V r ipp,eL1) 

where V r j P p| Q is the peak-to-peak output voltage ripple. 

C3 is necessary for continuous operation and is general- 
ly in the 10 pF to 30 pF range. 

D1 should be a Schottky type diode, such as the 
1N5818 or 1N5819. 

BUCK WITH BOOSTED OUTPUT CURRENT 

For applications requiring a large output current, an external 
transistor may be used as shown in Figure 17. This circuit 
steps a 1 5 V supply down to 5 V with 1 .5A of output current. 
The output ripple is 50 mV, with an efficiency of 80%, a load 
regulation of 40 mV (150 mA to 1.5A), and a line regulation 
of 20 mV (12V ^ V in ^ 18V). 

Component values are selected as outlined for the buck 
regulator with a discontinuity factor of 10%, with the addi- 
tion of R4 and R5: 

R4 = 1 0V BE 1 Bf/lp 

R5 = (V in “ V - VbEI ~ V sa t) Bf/(lL(max, DC) + >R4) 
where: 

Vbei is the Vbe of transistor Q1. 

V sa t is the saturation voltage of the LM1578A output 
transistor. 


V is the current limit sense voltage. 

Bf is the forced current gain of transistor Q1 (Bf = 30 
for Figure 17). 

I R4 = Vbei/R4 

Ip = l|_(max, DC) + 0.5AI L 



V in = 15V 

R4 = 200ft 

V 0 = 5V 

R5 = 330ft 

Vrippie = 50 mV 

Cl = 1820 pF 

l 0 = 1.5A 

C2 = 330 jxF 

f osc = 50 kHz 

C3 = 20 pF 

R1 = 40 kft 

LI = 220 /iH 

R2 = 10 kft 

D1 = 1N5819 

R3 = 0.05ft 

Q1 = D45 


TL/H/8711-8 

FIGURE 17. Buck Converter with Boosted Output Current 
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Typical Applications (Continued) 

BOOST REGULATOR 

The boost regulator converts a low input voltage into a high- 
er output voltage. The basic configuration is shown in Figure 
18. Energy is stored in the inductor while the transistor is on 
and then transferred with the input voltage to the output 
capacitor for filtering when the transistor is off. Thus, 

Vq == Vj n + Vj n (t 0 n/t 0 ff). 



The circuit of Figure 19 converts a 5 V supply into a 1 5 V 
supply with 1 50 mA of output current, a load regulation of 
14 mV (30 mA to 150 mA), and a line regulation of 35 mV 
(4.5V <; V in ^ 8.5V). 

V in - 5V 
V 0 = 15V 
Vrippie = 10 mV 
l 0 = 150 mA 
f osc = 50 kHz 
R1 = 140 kft 
R2 = 10 kft 
R3 = 0.1 n 
R4 = 220 kft 
Cl = 1820 pF 
C2 = 470 fiF 
C3 = 20 pF 
C4 = 0.0022 |tiF 
LI = 330 juH 
D1 = 1N5818 
TL/H/8711-11 

FIGURE 19. Boost or Step-Up Regulator 

R1 = (V 0 - 1) R2 where R2 = 10 k CL. 

R3 = V/(l L ( max>D c) + 0.5AlL) 
where: 

AIl = 2(l LOA D(min))(Vo/Vin) 

R4, C3 and C4 are necessary for continuous operation 
and are typically 220 kft, 20 pF, and 0.0022 juF respec- 
tively. 

Cl is the timing capacitor found in Figure 1. 



C2 > l 0 (V 0 _ V in )/(f 0 sc V 0 V r j pp ,e). 

D1 is a Schottky type diode such as a IN5818 or IN5819. 
LI is found as described in the buck converter section. 


INVERTING REGULATOR 


Figure 20 shows the basic configuration for an inverting reg T 
ulator. The input voltage is of a positive polarity, but the 
output is negative. The output may be less than, equal to, or 
greater in magnitude than the input. The relationship be- 
tween the magnitude of the input voltage and the output 
voltage is V 0 = V in x (WW. 



FIGURE 20. Basic Inverting Regulator 


Figure 21 shows an LM1578A configured as a 5 V to —15V 
polarity inverter with an output current of 300 mA, a load 
regulation of 44 mV (60 mA to 300 mA) and a line regulation 
of 50 mV (4.5V £ V in ^ 8.5V). 

R1 = (|V 0 | + 1)R2 where R2 = 10 k ft. 


R3 = V/(l L ( max> DC) + 0.5 AIl). 

R4 = 1 0V be j Bf/ O l (max, DC) + 0.5 AI L ) 

where: 


V, Vbei. V sa t. and Bf are defined in the “Buck Converter 
with Boosted Output Current” section. 

AI l = 2(l L OAD(min))(Vj n +|V 0 |)/V| N 
R5 is defined in the “Buck with Boosted Output Cur- 
rent” section. 


R6 serves the same purpose as R4 in the Boost Regula- 
tor circuit and is typically 220 kfl. 

Cl, C3 and C4 are defined in the “Boost Regulator” 
section. 

C2 S l 0 |V 0 |/IW(|V 0 | + Vin) Vrippie] 

LI is found as outlined in the section on buck convert- 
ers, using the inductance chart for the invert configura- 
tion and 20% discontinuity. 



v in - 5V 

V 0 = — 15V 

Vrippie = 5 mV 

l 0 = 300 mA, l m in = 60 mA 

f osc = 50 kHz 

R1 = 160 kft R2 - 10 kft 

R3 = 0.01 ft R4 - 190ft 

R5 = 82ft R6 - 220 kft 

Cl = 1820 pF 

C2 = 1000 juF 

C3 = 20 pF 

C4 = 0.0022 ju,F 

LI = 150 jaH 

D1 - 1N5818 


TL/H/8711-12 
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Typical Applications (Continued) 

BUCK-BOOST REGULATOR 

The Buck-Boost Regulator, shown in Figure 22 , may step a 
voltage up or down, depending upon whether or not the 
desired output voltage is greater or less than the input volt- 
age. In this case, the output voltage is 12V with an input 
voltage from 9V to 15V. The circuit exhibits an efficiency of 
75%, with a load regulation of 60 mV (10 mA to 100 mA) 
and a line regulation of 52 mV. 

R1 = (V 0 - 1) R2 where R2 = 10 kft 
R3 = V/0. 75 A 

R4, Cl, C3 and C4 are defined in the “Boost Regulator” 
section. 

D1 and D2 are Schottky type diodes such as the 1 N5818 or 
1N5819. 

C2 do/Vripple) (Vo + 2V d ) 

[fosc (Vin + V 0 + 2V d — V sa t — V sa ti )3 

where: 

V d is the forward voltage drop of the diodes. 

V sa t is the saturation voltage of the LM1578A output 
transistor. 

V sa ti is the saturation voltage of transistor Q1 . 

LI ^ (Vj n — V sa t — V sa ti) (ton/lp) 

where: 

(1/fosc)(Vo + 2Vd) 

00 (V 0 + V in + 2V d - V sat - V^i) 

, 2l 0 (Vin + V 0 + 2V d - V sat - V sat i) 

P (V in - Vsat - V sat1 ) 


RS-232 LINE DRIVER POWER SUPPLY 

The power supply, shown in Figure 23 , operates from an 
input voltage as low as 4.2V (5V nominal), and delivers an 
output of ± 1 2V at ±40 mA with better than 70% efficiency. 
The circuit provides a load regulation of ±150 mV (from 
10% to 100% of full load) and a line regulation of ±10 mV. 
Other notable features include a cycle-by-cycle current limit 
and an output voltage ripple of less than 40 mVp-p. 

A unique feature of this circuit is its use of feedback from 
both outputs. This dual feedback configuration results in a 
sharing of the output voltage regulation by each output so 
that neither side becomes unbalanced as in single feedback 
systems. In addition, since both sides are regulated, it is not 
necessary to use a linear regulator for output regulation. 
The feedback resistors, R2 and R3, may be selected as 
follows by assuming a value of 10 kft for R1; 

R2 = (V 0 - 1 V)/45.8 jxA = 240 kft 
R3 = (|V 0 | + 1 V)/54.2 /xA = 240 kft 
Actually, the currents used to program the values for the 
feedback resistors may vary from 40 juA to 60 juA, as long 
as their sum is equal to the 100 juA necessary to establish 
the IV threshold across R1. Ideally, these currents should 
be equal (50 jaA each) for optimal control. However, as was 
done here, they may be mismatched in order to use stan- 
dard resistor values. This results in a slight mismatch of 
regulation between the two outputs. 

The current limit resistor, R4, is selected by dividing the cur- 
rent limit threshold voltage by the maximum peak current 
level in the output switch. For our purposes R4 = 
90 mV/750 mA = 0.12ft. A value of 0.1ft was used. 



9V <; V in ^ 15V 
V 0 = 12V 
l 0 = 100 mA 
Vripple = 50 mV 
f osc = 50 kHz 
R1 = 110 k 
R2 = 10 k 
R3 = 0.1 
R4 = 220 k 


FIGURE 22. Buck-Boost Regulator 


R5 = 270 
Cl = 1820 pF 
C2 = 220 jliF 
C3 = 20 pF 
C4 = 0.0022 jiF 
LI = 220 fiH 
D1, D2 = 1N5819 
Q1 = D44 
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Typical Applications (Continued) 

Capacitor Cl sets the oscillator frequency and is selected 
from Figure 1. 

Capacitor C2 serves as a compensation capacitor for syn- 
chronous operation and a value of 10 to 50 pF should be 
sufficient for most applications. 

A minimum value for an ideal output capacitor C3, could be 
calculated as C = l 0 x t/AV where l 0 is the load current, t 
is the transistor on time (typically 0.4/f OS c). and AV is the 
peak-to-peak output voltage ripple. A larger output capacitor 
than this theoretical value should be used since electrolytics 
have poor high frequency performance. Experience has 
shown that a value from 5 to 10 times the calculated value 
should be used. 


For good efficiency, the diodes must have a low forward 
voltage drop and be fast switching. 1 N5819 Schottky diodes 
work well. 

Transformer selection should be picked for an output tran- 
sistor “on” time of 0.4/f O s C> and a primary inductance high 
enough to prevent the output transistor switch from ramping 
higher than the transistor’s rating of 750 mA. Pulse Engi- 
neering (San Diego, Calif.) and Renco Electronics, Inc. 
(Deer Park, N.Y.) can provide further assistance in selecting 
the proper transformer for a specific application need. The 
transformer used in Figure 23 was a Pulse Engineering 
PE-64287. 
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Mm Semicon 


Mm Semiconductor 

LM2579 Switching Regulator 

General Description 

The LM2579 can easily be used in switching regulator con- 
figurations, such as the buck, boost, and inverting, to per- 
form DC-to-DC voltage conversion. The LM2579 features a 
unique comparator input stage which not only has separate 
pins for both the inverting and non-inverting inputs, but also 
provides an internal 1 .OV reference to each input, thereby 
simplifying circuit design and p.c. board layout. The output 
can switch up to 3 A and has output pins for both its collec- 
tor and emitter to promote design flexibility. An external cur- 
rent limit terminal may be referenced to either the ground or 
the Vin terminal, depending upon the application. In addi- 
tion, the LM2579 has an onboard oscillator, which sets the 
switching frequency with a single external capacitor, from 
<1 Hz to 100 kHz (typical). 


Features 

■ Inverting and non-inverting feedback inputs 

■ 1 .0V reference at inputs 

■ Operates from supply voltages of 3.5V to 40V 

■ Output current up to 3A, saturation less than 0.75V 

■ Emitter output can swing below ground terminal, for 
ease of use in inverting applications 

■ Current limit and thermal shutdown 

■ Duty cycle up to 90% 

Applications 

■ Switching regulators in buck, boost, inverting, and sin- 
gle-ended transformer configurations 

■ Motor speed control 

■ Lamp flasher 


Functional Diagram 



<1221 r EFEREN ce 

AND 

. i r REGULATOR 


*1.6V 

INTERNAL 




. COLLECTOR 
PIN 7 


TIMING CAPACITOR 
PIN 3 
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Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, Lead Temperature 




please contact the National Semiconductor Sales (Soldering, 10 seconds) 


260°C 

Office/Distributors for availability and specifications. Maximum Junction Temperature 

150°C 

Total Supply Voltage 

50V ESD T olerance (Note 4) 


2 kV 

Collector Output to Ground - 0.3V to + 50V 




Emitter Output to Ground (Note 2) -20Vto+50V OpGTating Ratings 



Power Dissipation (Note 3) Internally limited Ambient Temperature 

— 40°C ^ T a ^ +85°C 

Output Current 

3A Junction Temperature 

— 40°C ^ Tj ^ + 1 25°C 

Storage Temperature -65°Cto +150°C Supply Voltage 


3.5V £ V| N <: 40V 

Electrical Characteristics 





These specifications apply for 3.5V ^ Vin ^ 40V, timing capacitor Cj = 3900 pF, and 25% £ duty cycle ^ 75%, unless 
otherwise specified. Values in standard typeface are for Tj = 25°C, values in boldface type apply for -40°C ^ Tj £ + 125°C. 

Symbol 

Parameter 

Conditions 

Typical 

Limit 

Units 



(Note 5) 

(Note 6) 


OSCILLATOR 

f osc 

Frequency 


20 

24 

kHz 

kHz (max) 





16 

kHz (min) 

Afosc/AT 

Frequency Drift with Temperature 


-0.13 


%/°C 


Amplitude 


550 


mV p _p 

REFERENCE/COMPARATOR (Note 7) 

Vr 

Input Reference Voltage 

li = I 2 = 0 mA and 

1.0 


V 



h = l 2 = 1 mA ±1% (Note 8) 


1.050/1,070 

V (max) 





0.950/0,930 

V (min) 

AV r /AV| N 

Input Reference Voltage 

ll = I 2 = 0 mA and 

0.003 


%/V 


Line Regulation 

l-i = l 2 = 1 mA ± 1 % (Note 8) 


0.01/0,02 

%/V (max) 

l|NV 

Inverting Input Current 

li = l 2 = 0 mA, duty cycle = 25% 

0.5 


JLtA 


Level Shift Accuracy 

Level Shift Current = 1 mA 

1.0 

10/13 

% 

% (max) 

AV R /At 

Input Reference Voltage 

Long Term Stability 


100 


ppm/IOOOh 

OUTPUT 

V c (sat) 

Collector Saturation Voltage 

lc = 3A Pulsed, Emitter Grounded 

0.55 

0.75/1,0 

V 

V (max) 

V E (sat) 

Emitter Saturation Voltage 

l 0 = 3A Pulsed, V iN = V c = 40V 

1.7 

1. 9/2,0 

V 

V (max) 

•ces 

Collector Leakage Current 

V|n = Vqe = 40V, 



julA 



Emitter Grounded, Output OFF 



jaA (max) 

•cex 

Emitter Leakage Current 

V| N = V C = 20 V, 

0.1 


fiA 



V E — -20V, Output OFF 



julA (max) 

BVcEO(SUS) 

Collector-Emitter 

ISUST = 0.2A (Pulsed), Vin = 0 

60 


V 


Sustaining Voltage 




V (Min) 
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Electrical Characteristics (Continued) 

These specifications apply for 3.5V ^ Vin ^ 40V, timing capacitor Cj = 3900 pF, and 25% ^ duty cycle ^ 75%, unless 
otherwise specified. Values in standard typeface are for Tj = 25°C, values in boldface type apply for -40°C ^ Tj ^ + 125°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

Limit 
(Note 6) 

Units 

CURRENT LIMIT 

VCL 

Sense Voltage Shutdown Level 

Referred to Vin or Ground 

115 


mV 





80 

mV (min) 





160 

mV (max) 




Supply Current 

Output OFF, V E = 0V 

3.0 

5.0/7.O 

mA 

mA (max) 



Output ON, lc = 3A Pulsed, 

V E = OV 

55 

75/150 

mA, peak 
(max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: Maximum voltage between emitter and collector or supply is 50V. 

Note 3: At elevated temperatures, devices must be derated based on package thermal resistance. The device in the 1 1 -lead TO-220 package must be derated at 
36°C/W, junction tp ambient, or 1°C/W, junction to case. 

Note 4: Human body niodel, R = 1.5 kft, C = 100 pF. 

Note 5: Typical values are for Tj = 25 # C and represent the most likely parametric norm. 

Note 6: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). Room temperature limits are 100% 
production tested. Limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods. All limits are used to 
calculate Average Outgoing Quality Level (AOQL). 

Note 7: Input terminals are protected from accidental shorts to ground but if external voltages higher than the reference voltage is applied, excessive current will 
flow and should be limited to less than 5 mA. 

Note 8: If and I 2 are the external sink currents at the inputs (refer to Test Circuit). 

Connection Diagram and Ordering Information 


11 N.C.* 

10 N.C.* 

9 'limit 
8 V IN 

7 COLLECTOR 
6 N.C.* 

5 EMITTER 
4 GND 
3 C T 

2 (+) INPUT 
1 (-) INPUT 

TL/H/10355-2 


Order Number LM2579T 
See NS Package Number TA11B 



Top View 

Tab connected to Pin 4 (Ground) 
*N.C. = No internal connection 
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REFERENCE VOLTAGE (V) 


Typical Performance Characteristics 


Input Reference Voltage 
Drift with Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Collector Saturation Voltage 
(Sinking Current, 

Emitter Grounded) 



0 0.2 0 4 0.6 0£ IX) 

COLLECTOR-EMITTER VOLTAGE (V) 


Emitter Saturation Voltage 
(Sourcing Current, 
Collector at V|n) 



0 04 OX 12 IX 20 

EMITTER-COLLECTOR VOLTAGE (V) 


Current Limit Sense Voltage 
Drift with Temperature 



■50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Current Limit Response Time 
for Various Over Drives 



1 2 3 4 5 6 7 8 

TIME (axs) 


Current Limit Response Time 
for Various Over Drives 


- 








V 

N REFERRED 





_ 

GND 

REFERRED 

— 



EMITTE 

R 

L_ 

_ 

Viu = 15 

IT 

V 

t 


R l =1000 1 


0 1 2 3 4 5 

TIME (jis) 


Current Limit Sense Voltage 
vs Supply Voltage 



0 5 10 15 20 25 30 35 40 

SUPPLY VOLTAGE (V) 


Oscillator Frequency Change 
with Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Oscillator Voltage Swing 


800 









UPPER LIMIT 



% 







t 

250 
















200 

150 


-- 

"Tower limit 



100 



L 

L 

l_ 




-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 
vs Output Current 



10 20 30 40 

COLLECTOR CURRENT (A) 


Supply Current 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Start Up Voltage 



1 2 3 

SUPPLY VOLTAGE (V) 
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Test Circuit! 

Parameter tests can be made using the test circuit shown. 
Select the desired Vin, collector voltage and duty cycle with 
adjustable power supplies. A digital volt meter with an input 
resistance greater than 100 Mfl should be used to measure 
the following: 

Input Reference voltage to Ground; SI in either position. 
Level Shift Accuracy (%) = Tp3(V)/1V) • 100%; SI at 
li = I 2 = 1 mA. 

Input current (mA) = (IV - Tp3(V))/1 MH; SI at 
ll = l 2 = 0 mA. 

Oscillator parameters can be measured at TP4 using a fre- 
quency counter or an oscilloscope. 

The Current Limit Sense Voltage is measured by connecting 
an adjustable 0-to-1V floating power supply in series with 
the current limit terminal and referring it to either the ground 
or the Vin terminal. Set the duty cycle to 90% and monitor 
test point Tps while adjusting the floating power supply volt- 
age until the LM2579’s duty cycle just reaches 0%. This 
voltage is the Current Limit Sense Voltage. 

The Supply Current should be measured with the duty cycle 
at 0% and SI in the 1 1 = I 2 = 0 mA position. 
tLM2579 specifications are measured using automated test 
equipment. This circuit is provided for the customer’s conve- 
nience when checking parameters. Due to possible varia- 
tions in testing conditions, the measured values from these 
testing procedures may not match those of the factory. 


Definition of Terms 

Input Reference Voltage: The reference voltage referred 
to ground, applied to either the inverting or non-inverting 
inputs, which will cause the output to switch ON or OFF. 
Input Reference Current: The current applied to either the 
inverting or the non-inverting input which will cause the out- 
put to switch ON or OFF. 

Input Level Shift Accuracy: If there are two equal resistors 
sinking current from the inverting and non-inverting input 
terminals, the Input Level Shift Accuracy is the ratio of the 
voltage across the resistors to produce a given duty cycle at 
the output. 

Collector Saturation Voltage: With the inverting input ter- 
minal grounded through a 10 kH resistor and the output 
transistor’s emitter connected to ground, the Collector Satu- 
ration Voltage is the collector-to-emitter voltage for a given 
collector current. 

Emitter Saturation Voltage: With the inverting input termi- 
nal grounded through a 10 ka resistor and the output tran- 
sistor’s collector connected to Vin, the Emitter Saturation 
Voltage is the collector-to-emitter voltage for a given emitter 
current. 

Collector-Emitter Sustaining Voltage: The collector-emit- 
ter breakdown voltage of the output transistor, measured at 
a specified current. 


v in Collector 



TL/H/10355-4 


Note 1: Op amp supplies are + 15V. 

Note 2: DVM input resistance > 100 Mft. 
Note 3: *LM2579 max duty cycle is 90%. 
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Definition of Terms (Continued) 

Current Limit Sense Voltage: The voltage at the current 
Limit pin, referred to either the Vin terminal or the ground 
terminal, which (via logic circuitry) will cause the output tran- 
sistor to turn OFF. The logic circuitry is reset at the begin- 
ning of each oscillator cycle. 

Current Limit Sense Current: The bias current for the Cur- 
rent Limit terminal with the applied voltage equal to the Cur- 
rent Limit Sense Voltage. 

Supply Current: The 1C power supply current, excluding 
current drawn through the output transistor, with the oscilla- 
tor operating. 

Functional Description 

The LM2579 is a pulse-width modulator designed for use as 
a switching regulator controller. It may also be used in other 
applications which require controlled pulse-width voltage 
drive. 

A control signal, usually representing output voltage, fed 
into the LM2579’s comparator is compared with an internal- 
ly-generated reference. The resulting error signal and the 
oscillator’s output are fed to a logic network which deter- 
mines when the output transistor will be turned ON or OFF. 
The following is a brief description of the subsections of the 
LM2579. 

COMPARATOR INPUT STAGE 

The LM2579’s comparator input stage is unique in that both 
the inverting and non-inverting inputs are available to the 
user, and both contain a 1.0V reference. This is accom- 
plished as follows: A 1 .0V reference is fed into a modified 
voltage follower circuit (see FUNCTIONAL DIAGRAM). 
When both input pins are open, no current flows through R-| 
and R 2 . Thus, both inputs to the comparator will have the 
potential of the 1.0V reference, Va- When one input, for 
example the non-inverting input, is pulled AV away from Va, 
a current of AV/R-| will flow through R-|. This same current 
flows through R 2 , and the comparator sees a total voltage 
of 2AV between its inputs. The high gain of the system, 
through feedback, will correct for this imbalance and return 
both inputs to the 1 .0V level. 

This unusual comparator input stage increases circuit flexi- 
bility, while minimizing the total number of external compo- 
nents required for a voltage regulator system. The inverting 
switching regulator configuration, for example, can be set up 



1 10 100 

FREQUENCY (kHz) 

TL/H/10355-5 

FIGURE 1. Value of Timing Capacitor 
vs Oscillator Frequency 


without having to use an external op amp for feedback po- 
larity reversal (See TYPICAL APPLICATIONS). 

OSCILLATOR 

The LM2579 provides an on-board oscillator Which can be 
adjusted up to 100 kHz. Its frequency is set by a single 
external capacitor, C-| , as shown in Figure 1, and follows the 
equation 

fosc = 8 X 10-5/C r 

The oscillator provides a blanking pulse to limit maximum 
duty cycle to 90%, and a reset pulse to the internal circuitry. 

OUTPUT TRANSISTOR 

The output transistor is capable of delivering up to 3A with a 
saturation voltage of less than 0.75V (see Collector Satura- 
tion Voltage and Emitter Saturation Voltage curves). 

The emitter can be pulled below ground, as long as the total 
voltage between the emitter pin and collector or supply pin 
does not exceed 50 V. This feature allows the LM2579 to be 
used in an inverting regulator configuration without an addi- 
tional output transistor which would normally be required to 
protect the device from the negative output voltage. 

CURRENT LIMIT 

The LM2579’s current limit may be referenced to either the 
ground or the Vin pin, and operates on a cycle-by-cycle 
basis. 

The current limit section consists of two comparators: one 
with its non-inverting input referenced to a voltage 115 mV 
below Vin, the other with its inverting input referenced 
115 mV above ground (see FUNCTIONAL DIAGRAM). The 
current limit is activated whenever the current limit terminal 
is pulled 1 1 5 mV away from either Vin or ground. 

Application Information 

CIRCUIT BOARD LAYOUT 

Because of fast switching of high output currents, the circuit 
board layout should be carefully thought out. The compara- 
tor inputs are sensitive to noise, and should be kept away 
from the high-energy switching signals. Feedback resistors 
should be located near the input terminals. A single-point 
ground should be used for the oscillator capacitor, device 
ground, and feedback (when appropriate) to avoid ground 
loops. 

LEAD INDUCTANCE IMPACTS DIODE CHOICE 

It is always important to use diodes designed for switching 
applications. Schottky diodes generally provide superior 
performance, although fast recovery diodes can also be 
used. Fast recovery diodes differ from Schottky diodes in 
their turn-on and turn-off characteristics, which can cause 
voltage transients that will affect circuit operation. 

The turn-off, or “recovery,” time of a diode refers to the time 
it takes for the charge that has been stored in the diode 
during the forward conduction period to be depleted. During 
this recovery period, the diode appears to be a short, caus- 
ing a fast current pulse to flow through the switch. Since the 
LM2579’s output is capable of switching current at a rate of 
approximately 30 A/jas, and one inch of 20-gauge wire has 
approximately 30 nH of inductance, a transient of nearly IV 
can be generated for every inch of stray wire (V = L di/dt = 
30 nH X 30 A/jits = 0.9V). Since the LM2579’s current limit 
sense voltage is 115 mV (typ.), transients like these can 
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Application Information (Continued) 

greatly affect circuit operation. They can be minimized by 
keeping all lead lengths short, thus reducing stray induc- 
tances. Additional methods of suppressing noise spikes and 
switching transients are described in the Current Limit Tran- 
sient Suppression section. 

The turn-on time of the switching diode must also be consid- 
ered. A slow turn-on can cause an increase in the voltage 
across the output transistor, which is rated for 50V (maxi- 
mum) in the LM2579). This condition can exist in all configu- 
rations. 




FIGURE 2. Transient Applied to Output Transistor 
by Slow Turn-On of Diode 

Referring to Figure 2 , at t-j the transistor turns OFF; at t 2 , 
the diode turns ON. This delay allows buildup of voltage 
across the non-conducting diode, which is applied to the 
transistor until the diode begins conducting. 

CURRENT LIMIT 

As noted in the functional description, the current limit termi- 
nal may be referred to either Vin or ground (see Figures 3, 
4). The resistor Rql converts the current to be sensed into 
a voltage for current limit detection. 



TL/H/1 0355-7 

FIGURE 3. Current Limit, Ground Referred 



TL/H/1 0355-8 

FIGURE 4. Current Limit, Vin Referred 


C. L. SENSE VOLTAGE MULTIPLICATION 

When a larger sense resistor value is desired, a voltage 
divider network may be used (see Figures 5, 6). This effec- 
tively multiplies the sense voltage by (1 + R1/R2). Alterna- 
tively, R1 can be replaced by a diode to increase current 
limit sense voltage to about 800 mV (diode Vd + 115 mV). 



TL/H/10355-9 

FIGURE 5. Current Limit Sense Voltage 
Multiplication, Ground Referred 



TL/H/10355-10 

FIGURE 6. Current Limit Sense Voltage 
Multiplication, Vin Referred 

CURRENT LIMIT TRANSIENT SUPPRESSION 

When noise spikes and switching transients interfere with 
proper current limit operation, an RC low-pass filter can be 
used to control the current limit circuitry’s response time 
(see Figures 7, 8). 



FIGURE 7. Current Limit Transient Suppressor, 
Ground Referred 
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Application Information (Continued) 



TL/H/10355-12 

FIGURE 8: Current Limit Transient 
Suppressor, V|n Referred 

Because the input current of the current limit terminal varies 
according to its reference point, Rs should be less than 
2 kn when referred to ground, and less than 100fl when 
referred to Vin. Cs is typically 0.01 jaF. 

UNDER-VOLTAGE LOCKOUT 

Under-voltage lockout requires few external components, 
as shown in Figure 9. When Vin becomes lower than the 
zener breakdown voltage, the LM2579’s output transistor is 
turned OFF. This occurs because diode D1 will then be- 
come forward biased, allowing resistor Ry to sink a greater 
current from the non-inverting input than is sunk by the par- 
allel combination of the feedback resistors, R1 and R2, at 
the inverting terminal. Ry should be one-fifth of the value of 
R1 and R2 in parallel. 



TL/H/10355-13 

D1 = 1N457 or similar 

FIGURE 9. Under-Voltage Lockout 
MAXIMUM DUTY CYCLE LIMITING 

The maximum duty cycle can be externally limited by adjust- 
ing the charge-to-discharge ratio of the oscillator capacitor 
with a single external resistor, as shown in Figure 10. Typi- 
cal values are 50 for the charge current, 450 jllA for the 
discharge current and a voltage swing from 200 mV to 
750 mV. Therefore, Rd is selected for the desired charging 
and discharging slopes, and Cl is readjusted to set the os- 
cillator frequency. 



TL/H/10355-14 

FIGURE 10. Maximum Duty Cycle Limiting 
DUTY CYCLE ADJUSTMENT 

When manual or mechanical selection of the output transis- 
tor’s duty cycle is needed, the circuit shown in Figure 1 1 
may be used. The output will turn ON with the beginning of 
each oscillator cycle, and turn OFF when the current sunk 
by R a i and R a 2 from the non-inverting terminal becomes 
greater than the current sunk from the inverting terminal. 
With the resistor values as shown, R a 2 can be used to ad- 
just the duty cycle from 0% to 90%. When the sum of R a i 
and R a 2 is twice the value of R p , the duty cycle will be about 
50%. Cl may be a large electrolytic capacitor, to lower the 
oscillator frequency below 1 Hz if appropriate for the appli- 
cation. 



TL/H/10355-15 

FIGURE 11. Duty Cycle Adjustment 
REMOTE SHUTDOWN 

The LM2579 may be remotely shut down by sinking a great- 
er current from the non-inverting input than from the invert- 
ing input. This may be accomplished by selecting resistor 
Rs to be approximately one-half the value of the parallel 
combination of R1 and R2 (see Figure 12). Shutdown will 
occur when Vl is high. 
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Application Information (Continued) 



SYNCHRONIZING DEVICES 

When several devices are to be operated at once, their os- 
cillators may be synchronized by the application of an exter- 
nal signal, as shown in Figure 13. This drive signal should 
be a pulse waveform with a minimum pulse width of 2 /as, 
and an amplitude of from 1 .5V to 2.0V. The signal source 
must be capable of both driving capacitive loads and deliv- 
ering up to 500 jlaA for each LM2579. 

Capacitors Cl through Cn are to be selected for a 20% 
slower frequency than the synchronizing frequency. 



2/xs. 

(min.) 


All diodes are 1N914 or similar 

TL/H/10355-17 

FIGURE 13. Synchronizing Devices 


IMPROVING TRANSISTOR SATURATION 

The efficiency of a switching regulator is highest when the 
power transistor is allowed to fully saturate, minimizing the 
Collector-Emitter voltage when the transistor is ON. When 
the Collector is used as the output, with the Emitter ground- 
ed, the output transistor will fully saturate. Saturation volt- 
age depends on the load current (see Collector Saturation 
Voltage curve), and is normally under 0.8V, over tempera- 
ture. 

However, when the Emitter is used as the output (Collector 
tied to V|n, as in Figure 14), the output transistor cannot 
fully saturate because of the Darlington configuration of the 
output stage. This results in a 1.7V drop (typically) across 
the power device Q3 during the conduction period (refer to 
Emitter Saturation Voltage curve). 



FIGURE 14. Collector-Emitter Saturation Prevented 
by Darlington Construction of Output Stage 
(Simplified Schematic) 

To achieve Collector-Emitter saturation, the base for the 
LM2579 output transistor Q3 must be driven higher than its 
Collector. This cannot happen if the Collector is tied to Vin. 
However, by increasing Vin to 1.5V or more above Mq, Col- 
lector-Emitter saturation can occur (see Figure 15). Tech- 
niques for accomplishing this are shown in the Typical Appli- 
cations examples. 



FIGURE 15. Increasing Vin Above Vc Allows 
Collector-Emitter Saturation 


ADAPTING LM1578 DESIGNS TO THE LM2579 

All LM1578 designs may be adapted for use with the 
LM2579 to achieve higher output power. The LM2579 is 
based on the design of the LM1578 switching regulator con- 
troller, with a few modifications. The output switching tran- 
sistor is capable of delivering 3A (peak or DC), compared to 
the 0.75A maximum current rating of the LM1578, and the 
Emitter output can swing more negative than the ground 
terminal. Because of the difference in current rating, the 
LM2579 is in the TO-220 style package so it may be easily 
heat-sunk. Heat sinking is necessary for most LM2579 de- 
signs, especially those operating at high switch currents. 
For example, the loss of 3W in the output switch of a con- 
verter operating at 35°C ambient would raise the die temper- 
ature near its maximum rating of 150°C if no heat sink were 
used (see Note 3 in the Electrical Characteristics). 

The other modification seen in the LM2579 is the 20 pF 
capacitor that is used, in LM1578 applications, to inject an 
end-of-cycle signal into the error comparator, improving 
synchronization of the switching to the oscillator. It is not 
necessary to add this capacitor in LM2579 applications. 

Typical Applications 

The LM2579 can be used in all standard configurations 
which require a single switching transistor. These include 
the buck (or step-down), boost (or step-up), invert, flyback, 
and forward styles. 
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Typical Applications (Continued) 

Several design examples follow which include a variety of 
techniques to improve regulator performance. 

Inductors having the standard values shown in the nomo- 
graph of Figure 17 are available from Pulse Engineering 
(San Diego, CA); AIE Magnetics, division of Vernatron (St. 
Petersburg, FL); and Renco Electronics (Deer Park, NY). 

BUCK REGULATOR 

In the buck regulator of Figure 16, a 28 V input is converted 
to 5V, with a load of up to 2.5A. Efficiency at maximum load 
is approximately 80%, and load regulation is approximately 
0.05%/A in the range 0.3A ^ Iload ^ 2.5A. Switching fre- 
quency has been set to 40 kHz by the choice of 2 nF for C-| 
(see Figure 1). 

The value of the inductor, L, is determined by the use of the 
Inductance Calculator (Figure 17), or by the equation 
L = V 0 (V|n - V 0 ) / (AI L Vin fosc) 
where AIl is the current ripple through the inductor. AIl is 
usually chosen based on the minimum load current expect- 
ed of the circuit: For the Buck regulator, since l|_ = Iload. 
AIl is twice the minimum load current value AIl = 350 mA 
for this circuit, so operation will become discontinuous at 
(A | L(min) /2 )(100%/lL(max)) = 7% of the maximum load cur- 
rent. (This is the “% Discontinuity” referred to in the Induc- 
tance Calculator.) 

At this minimum value, the inductor current will just reach 
zero at the end of every switching period. Below the “mini- 
mum,” the inductor will “run dry” and the regulator will be 
“discontinuous,” as the inductor current is zero for part of 
each cycle. In this mode, the inductor is no longer storing 
energy, so is not an effective part of the output filter. Regu- 
lation will continue but performance will be degraded. 


Output ripple voltage is about 40 mVpp when the output 
filter capacitor, C 2 , is a standard 1000 jxF electrolytic. Re- 
placing this capacitor with a 1500 /xF “low ESR” (equivalent 
series resistance) capacitor reduces the ripple to 20 mVpp. 
The minimum value of this capacitor can be determined by 
the following equation 

C 2 ^ Vo (V|N - Vo) / (8 V|N Vripple L foSC 2 ) 
where Vripple is the desired maximum output voltage ripple 
in peak-to-peak Volts. The ripple will be greater than pre- 
dicted by this equation due to effects of ESR in C 2 . 

Figure 16 illustrates the single-point grounding and supply 
bypassing necessary for this type of moderate-to-high cur- 
rent switching regulator. For best regulation, all high-current 
paths, including ground, must be kept low-resistance. 
*Note: When pin 5, the Emitter of the LM2579 output tran- 
sistor, is used to drive the output filter, it may oscillate when 
driven into positive saturation and when loaded with capaci- 
tance of between 1 00 pF and 500 pF. This capacitance is 
usually caused by socket capacitance, input capacitance of 
external components (such as the Schottky diode), and 
stray capacitance in the layout. The oscillation, which is usu- 
ally near 30 MHz, can be eliminated by adding a series RC 
of 4.7fl to 1 0H and 1 nF from the Emitter (pin 5) to Ground. 
In the Emitter-driven configurations, the Collector output 
(pin 7) is normally tied to Vin (pin 8). If this connection uses 
long lead lengths (greater than 3" total), the Collector 
should be bypassed to Vin with 0.01 /xF (or greater), at- 
tached directly to the terminals. In addition, when current 
limiting is used, connections to the Current Limit pin (pin 9) 
should be made with short leads. Use of these techniques 
to minimize lead inductance will also minimize switching 
transients, thus reducing conducted noise. 


28 V 
(input) 



FIGURE 16. Buck Converter: 28V to 5V at 2.5A 

* Refer to Note in text. 
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Typical Applications (Continued) 

BOOST REGULATOR 

The boost converter of Figure 18 produces 15V at up to 
800 mA from a 5 V input, with 82% efficiency. The output 
ripple (with an 800 mA load) is 100 mV when a standard 
1000 ju,F electrolytic output capacitor is used, or 75 mV if a 
1 500 jutF low-ESR electrolytic is used. The minimum value 
of C 2 may be calculated using the same equation as shown 
in the BUCK REGULATOR section. 

The inductor value is selected either using the Inductance 
Calculator (Figure 17), or by the equation 

L = V| N 2(Vo-V, N )/(AI L Vo 2 f 0 sc) 
where, as in the previous section, AIl is determined by mini- 
mum expected DC inductor current. For the boost regulator, 

AI L = 2 iLOAD(min) (Vo/V| N ) 

Load regulation for this circuit is approximately 0.04% /A in 
the range 50 mA ^ I load ^ 800 mA - Line regulation is 
4 mV/V for the input range 4.5V ^ Vin ^ 8.5 V. 

Stability of the circuit is improved with the use of a series 
R-C network from the Current Limit pin to the Inverting In- 
put. 


INVERTING REGULATOR 

The inverting regulator of Figure 19 converts a 1 5V input to 
-15V at 1 A. The load regulation is about 30 mV/ A for the 
range 0.1 A £ Iload ^ 1.0A. 

The inductor value is determined either by the Inductance 
Calculator (Figure 17), or by the equation 

L = V| N 2 |V 0 | / [AI l (V, n + |V 0 |)2 f osc ] 
where AIl is based on minimum DC inductor current, and 
may be calculated as follows: 

a >L = 2 iLOAD(min) (V|N + |Vol) / V|N 
The output voltage ripple (at full load) is approximately 
1 20 mVpp when C 2 is a 1 000 /utF standard electrolytic ca- 
pacitor, or 60 mVpp when a 1 500 jmF low-ESR capacitor is 
used. The minimum value of C 2 may be calculated using the 
equation shown in the BUCK REGULATOR section. 

The efficiency of this regulator is approximately 76%. To 
achieve higher efficiency, the circuit may be modified (as 
shown in Figure 20) to increase the supply voltage to the 
LM2579, which reduces the saturation voltage of the output 
transistor. 


5V 

(input) 



FIGURE 18. Boost Converter: 5V to 15V at 800 mA 
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Typical Applications (Continued) 



tOutput voltage trim 
♦Wire-wound resistor may be used here 
**See text 


FIGURE 19. Inverting Regulator: + 15V to - 15V at 1A 


To improve circuit stability, a series R-C network is added 
from the Current Limit pin to the Inverting Input. In addition, 
an R-C damper may be required from the Emitter to Ground, 
as described in the BUCK REGULATOR section Note. 


**Note: The additional winding Lg shown in Figure 20 is 
used to create a flyback effect which provides an extra 3V 
to the LM2579 supply voltage. In this example, the inductor 
L was 46 turns of 20-gauge wire on an Arnold 4F-068200-2 
toroid core, providing 300 jnH; booster winding Lg was 20 
turns of #28 wire on the same core. 

Regulator efficiency will be increased to about 86% with the 
boosted supply voltage, as this allows the saturation voltage 
of the output transistor to decrease to about 0.55V (from the 
typical Emitter saturation voltage of 1 .7V). 



is 1N4148 or similar 

TL/H/1 0355-2 

FIGURE 20. Optional Modification to Inverting Regulator of Figure 19 for Increased Efficiency 
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National 

Semiconductor 


LM78S40 

Universal Switching Regulator Subsystem 


General Description 

The LM78S40 is a monolithic regulator subsystem consist- 
ing of all the active building blocks necessary for switching 
regulator systems. The device consists of a temperature 
compensated voltage reference, a duty-cycle controllable 
oscillator with an active current limit circuit, an error amplifi- 
er, high current, high voltage output switch, a power diode 
and an uncommitted operational amplifier. The device can 
drive external NPN or PNP transistors when currents in ex- 
cess of 1 .5A or voltages in excess of 40V are required. The 
device can be used for step-down, step-up or inverting 
switching regulators as well as for series pass regulators. It 
features wide supply voltage range, low standby power dis- 
sipation, high efficiency and low drift. It is useful for any 
stand-alone, low part count switching system and works ex- 
tremely well in battery operated systems. 


Features 

■ Step-up, step-down or inverting switching regulators 

■ Output adjustable from 1 .25 V to 40V 

■ Peak currents to 1 .5A without external transistors 

■ Operation from 2.5V to 40V input 

■ Low standby current drain 

■ 80 dB line and load regulation 

■ High gain, high current, independent op amp 

■ Pulse width modulation with no double pulsing 


Block and Connection Diagrams 


COMPARATOR COMPARATOR TIMING l pk 

+IN -IN CAPACITOR SENSE 

GROUND V, N 


DRIVER SWITCH 
COLLECTOR COLLECTOR 



REFERENCE OP AMP OP AMP OP AMP OP AMP SWITCH DIODE DIODE 
VOLTAGE -IN +IN SUPPLY OUT EMITTER ANODE CATHODE 
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Top View 


Ordering Information 


Device 

Code 

Package 

Code 

Package 

Description 

LM78S40J 

J16A 

Ceramic DIP 

LM78S40N 

N16A 

Molded DIP 

LM78S40CJ 

J16A 

Ceramic DIP 

LM78S40CN 

N16A 

Molded DIP 
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-0.3 to V+ 

±30V 

Continuous 
10 mA 

40V 

40V 

40V 

40V 

40V 

1.5A 

1.5A 

(to be determined) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

GENERAL CHARACTERISTICS 

>cc 

Supply Current 

(Op Amp Disconnected) 

V| = 5.0V 


1.8 

3.5 

mA 

V| = 40V 


2.3 

5.0 

mA 

•cc 

Supply Current 
(Op Amp Connected) 

V| = 5.0V 



4.0 

mA 

V| = 40V 



5.5 

mA 

REFERENCE SECTION 


Reference Voltage 
(Note 4) 

Iref = 1 -0 mA 

Extend -55°C < T A < +125°C, 
Comm 0 < Ta < +70°C, 

Indus — 40°C < T a < + 85°C 

1.180 

1.245 

1.310 

V 


Reference Voltage 

Line Regulation 

V| = 3.0V to V| = 40V, 

Iref = 1.0 mA, Ta = 25°C 




mV/V 

Vr LOAD 

Reference Voltage 

Load Regulation 

Iref = 1.0 mA to Iref = 1 0 mA, 

T a = 25°C 


0.2 

0.5 

mV/mA 

OSCILLATOR SECTION 

■CHG 

Charging Current 

V| = 5.0V, T a = 25°C 

20 


50 

fiA 

ICHG 

Charging Current 

V| = 40V, T a = 25°C 

20 


70 

fJL A 

•dischg 

Discharge Current 

V, = 5.0V, T a = 25°C 




jaA 

Idischg 


V| = 40V, T a = 25°C 

150 


350 

fxA 

Vosc 


V| = 5.0V, T a = 25°C 


0.5 


V 

ton /f off 

Ratio of Charge/ 
Discharge Time 



6.0 


JLtS/jLlS 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature Range 
Ceramic DIP 
Molded DIP 

Operating Temperature Range 
Extended (LM78S40J) 

Industrial (LM78S40N) 

Commercial (LM78S40CN) 

Lead Temperature 
Ceramic DIP (Soldering, 60 sec.) 

Molded DIP (Soldering, 10 sec.) 

Internal Power Dissipation (Notes 1 , 2) 

16L-CeramicDIP 
1 6L-Molded DIP 
Input Voltage from V+ to V - 
Input Voltage from V+ Op Amp to V - 


— 65°C to +175°C 
— 65°C to + 150°C 

— 55°C to + 125°C 
— 40°C to +125°C 
0°C to +70°C 

300°C 

265°C 

1.50W 

1.04W 

40V 

40V 


Common Mode Input Range 
(Error Amplifier and Op Amp) 
Differential Input Voltage 
(Note 3) 

Output Short Circuit 
Duration (Op Amp) 

Current from Vref 
voltage from Switch 
Collectors to GND 
Voltage from Switch 
Emitters to GND 
Voltage from Switch 
Collectors to Emitter 
Voltage from Power Diode to GND 
Reverse Power Diode Voltage 
Current through Power Switch 
Current through Power Diode 
ESD Susceptibility 


LM78S40 

Electrical Characteristics 

Ta = Operating temperature range, V| = 5.0V, Vop Amp = 5.0V, unless otherwise specified 
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LM78S40 

Electrical Characteristics (Continued) 

Ta = Operating Temperature Range, V| = 5.0V, Vq p Amp = 5.0V, unless otherwise specified 


Symbol Parameter 


CURRENT LIMIT SECTION 


Conditions 



Current Limit Sense Voltage 

T A = 25°C 1 

250 


350 | 


OUTPUT SWITCH SECTION 


Output Saturation Voltage 1 

Isw = 1 -0A (Figure 1) 

Output Saturation Voltage 2 

Isw = 1-0A (Figure 2) 

Output Transistor Current Gain 

l c = 1.0A, V C e = 5.0V, T a = 25°C 

Output Leakage Current 

V 0 = 40V, T a = 25°C 


POWER DIODE 

VpD Forward Voltage Drop 


Idr Diode Leakage Current 


COMPARATOR 

V|Q Input Off set Voltage 

I|B input Bias Current 

1 10 Input Offset Current 


l D = 1-OA 


V D = 40V, T a = 25°C 


Vcm = Vref 

V CM = VREF 

Vcm = Vref 



Vcm Common Mode Voltage Range Ta = 25°C 

PSRR Power Supply Rejection Ratio V| = 3.0V to 40V, Ta = 25°C 

OUTPUT OPERATIONAL AMPLIFIER 


V|q Input Offset Voltage Vcm = 2.5V 


I|B Input Bias Current Vcm = 2.5V 


lio Input Offset Current Vcm = 2.5V 


Avs + Voltage Gain+ Rl = 2.0 kfl to GND; 

V 0 = 1.0V to 2.5V, T A = 25°C 


Ays " Voltage Gain - Rl = 2.0 kfl to V + (Op Amp) 

V 0 = 1.0V to 2.5V, T a = 25°C 


Vcm Common Mode Voltage Range Ta = 25°C 


CMR Common Mode Rejection Vcm = 0V to 3.0V, Ta = 25°C 


PSRR I Power Supply Rejection Ratio V+ Op Amp = 3.0V to 40V, Ta = 25°C 



Output Source Current 


Output Sink Current 


Slew Rate 


Output Voltage LOW 


Output Voltage High 


T a = 25°C 


T a = 25°C 


T a = 25° C 


l L = —5.0 mA, T a = 25°C 


l L = 50 mA, T a = 25° C 



1.3 

V 

0.7 

V 


1.25 1.5 



V + Op 
Amp — 3V 


Note 1: Tj Max = 150°C for the Molded DIP, and 175°C for the Ceramic DIP. 

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 16L-Ceramic DIP at 10 mW/ # C, and the 16L-Molded DIP at 8.3 n 
Note 3: For supply voltages less than 30V, the absolute maximum voltage is equal to the supply voltage. 

Note 4: Selected devices with tightened tolerance reference voltage available. 
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Functional Description 

The LM78S40 is a variable frequency, variable duty cycle 
device. The initial switching frequency is set by the timing 
capacitor (Note 1). The initial duty cycle is 6:1. This switch- 
ing frequency and duty cycle can be modified by two mech- 
anisms — the current limit circuitry (l p i< sense) and the com- 
parator. 

The comparator modifies the OFF time. When the output 
voltage is correct, the comparator output is in the HIGH 
state and has no effect on the circuit operation. If the output 
voltage is too high then the comparator output goes LOW. 
In the LOW state the comparator inhibits the turn-on of the 
output stage switching transistors. As long as the compara- 
tor is LOW the system is in OFF time. As the output current 
rises the OFF time decreases. As the output current nears 
its maximum the OFF time approaches its minimum value. 
The comparator can inhibit several ON cycles, one ON cy- 
cle or any portion of an ON cycle. Once the ON cycle has 
begun the comparator cannot inhibit until the beginning of 
the next ON cycle. 

The current limit modifies the ON time. The current limit is 
activated when a 300 mV potential appears between lead 
13 (Vcc) and lead 14 (l p i<). This potential is intended to re- 
sult when designed for peak current flows through Rsc- 
When the peak current is reached the current limit is turned 
on. The current limit circuitry provides for a quick end to ON 
time and the immediate start of OFF time. 

Generally the oscillator is free running but the current limit 
action tends to reset the timing cycle. 

Increasing load results in more current limited ON time and 
less OFF time. The switching frequency increases with load 
current. 

Vfd is the forward voltage drop across the internal power 
diode. It is listed on the data sheet as 1.25V typical, 1.5V 
maximum. If an external diode is used, then its own forward 
voltage drop must be used for Vfd- 
V$at is the voltage across the switch element (output tran- 
sistors Q1 and Q2) when the switch is closed or ON. This is 
listed on the data sheet as output saturation voltage. 
Output saturation voltage 1 — defined as the switching ele- 
ment voltage for Q2 and Q1 in the Darlington configuration 
with collectors tied together. This applies to Figure 1 , the 
step down mode. 

Output saturation voltage 2— -switching element voltage for 
Q1 only when used as a transistor switch. This applies to 
Figure 2 , the step up mode. 

For the inverting mode, Figure 3, the saturation voltage of 
the external transistor should be used for Vsat- 
Note 1: Oscillator frequency is set by a single external capacitor and may be 
varied over a range of 100 Hz to 100 kHz. 


Typical Applications 

V l R sc 

25V 0.33A 



TL/H/1 0057-3 

FIGURE 1. Typical Step-Down Operational 
Performance Oa = 25°C) 


Characteristic 

Condition 

Typical 

Value 

Output Voltage 

lo = 200 mA 

10V 

Line Regulation 

20V £ V| <; 30V 

1.5 mV 

Load Regulation 

5.0 mA ^ lo 

Iq ^ 300 mA 

3.0 mV 

Max Output Current 

V 0 = 9.5V 

500 mA 

Output Ripple 

lo = 200 mA 

50 mV 

Efficiency 

lo = 200 mA 

74% 

Standby Current 

Iq = 200 mA 

2.8 mA 


Note A: For Iq ^ 200 mA use external diode to limit on-chip power dissipa- 
tion. 

Note B: It is recommended that the internal reference (lead 8) be bypassed 
by a 0.1 ju.F capacitor directly to (lead 1 1) the ground point of the LM78S40. 
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Typical Applications (Continued) 
V| R sc L 

10V 0.33X1 300 /iH 



Performance 0 a = 25°C) 


Characteristic 



Output Voltage 

Iq = 50 mA 

25V 

Line Regulation 

5.0V <; V| £ 15V 

4.0 mV 

Load Regulation 

5.0 mA ^ lo 

Iq ^ 100 mA 


Max Output Current 

V 0 = 23.75V 

160 mA 

Output Ripple 

Iq — 50 mA 


Efficiency 

Iq — 50 mA 

79% 

Standby Current 

Iq — 50 mA 

2.6 mA 


L 

2N5003 300 uH 



Performance (Ta = 25°C) 


Characteristic 

Condition 

Typical 

Value 

Output Voltage 

Iq = 100 mA 

-15V 


8.ov <; V| <; 18V 

5.0 mV 

Load Regulation 

5.0 mA ^ lo 

Iq ^ 1 50 mA 

3.0 mV 

Max Output Current 

V 0 = 14.25V 

160 mA 


lo = 100 mA 

20 mV 

Efficiency 

Iq = 100 mA 

70% 

Standby Current 

Iq = 100 mA 

2.3 mA 
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National 

Semiconductor 


LMC7660 Switched Capacitor Voltage Converter 


General Description 

The LMC7660 is a CMOS voltage converter capable of con- 
verting a positive voltage in the range of + 1.5V to + 10V to 
the corresponding negative voltage of - 1 .5V to - 1 0V. The 
LMC7660 is a pin-for-pin replacement for the industry-stan- 
dard 7660. The converter features: operation over full tem- 
perature and voltage range without need for an external di- 
ode, low quiescent current, and high power efficiency. 

The LMC7660 uses its built-in oscillator to switch 4 power 
MOS switches and charge two inexpensive electrolytic ca- 
pacitors. 


Features 

■ Operation over full temperature and voltage 
range without an external diode 

■ Low supply current, 200 jutA max 

■ Pin-for-pin replacement for the 7660 

■ Wide operating range 1.5V to 10V 

■ 97% Voltage Conversion Efficiency 

■ 95% Power Conversion Efficiency 

■ Easy to use, only 2 external components 

■ Extended temperature range 


Block Diagram 



TL/H/9136-1 


Pin Configuration 


N/cQ 
Cap* [2 
Gnd(3 
Cap -E 


LMC7660 


IK 

7]0sc 

1]lv 

H v out 


Ordering Information 

LMC7660MJ -55°C <; T A <: +125°C 
LMC7660IN -40°C £ T A £ + 85°C 


TL/H/9136-2 
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Absolute Maximum Ratings (Note d 




If Military/Aerospace specified devices are required, 


Package 

please contact the National Semiconductor Sales 


J 

N 

Office/Distributors for availability and specifications. 

Power Dissipation 

0.9W 

1.4W 

Supply Voltage 

10.5V 

(Note 3) 



Input Voltage on Pin 6, 7 

■ 

Tj Max (Note 3) 

150°C 

150°C 

(Note 2) 

-0.3V to (V+ + 0.3V) 

0j a (Note 3) 

140°C/W 

90°C/W 


for V+ < 5.5V 

Storage Temp. Range 

— 65°C £ T £ 

1 50°C 


(V+ - 5.5V) to (V+ + 0.3V) 
for V+ > 5.5V 

Lead Temp. 

260°C 

260°C 


(Soldering, 5 sec) 



Current into Pin 6 (Note 2) 
Output Short Circuit Duration 

20/xA 

ESD Tolerance (Note 8) 


± 2000V 

(V+<;5.5V) 

Continuous 





Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Typ 

LMC7660MJ 

LMC7660IN 

Units 

Limits 

Tested 
Limit 
(Note 5) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

pH 

Supply Current 

R L = o° 

120 

200 

400 

200 

400 

jjlA 

max 


Supply Voltage 

Range High (Note 7) 

Rl = 10 k a, Pin 6 Open 
Voltage Efficiency ^ 90% 

3 to 10 

3 to 10 

3 to 10 

3 to 10 

V 

V + l 

Supply Voltage 

Range Low 

Rl — 10 k ft, Pin 6 to Gnd. 
Voltage Efficiency ^ 90% 

1.5 to 3.5 

1.5 to 3.5 

1.5 to 3.5 


V 



l L = 20 mA 

55 




a 

max 

V = 2V, l L = 3 mA 

Pin 6 Short to Gnd. 

110 



300 

a 

max 

B 

Oscillator 

Frequency 


10 




kHz 

Peff 

Power Efficiency 

Rl = 5 kn 

97 


95 

90 

% 

min 

Voeff 

Voltage Conversion 
Efficiency 

r l = oo 

99.9 

97 

95 

97 

95 

% 

min 

lose 

Oscillator Sink or 
Source Current 

Pin 7 = Gnd. orV+ 

3 




ju-A 


Note 1: Absolute Maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. See Note 4 for conditions. 

Note 2: Connecting any input terminal to voltages greater than V + or less than ground may cause destructive latchup. It is recommended that no inputs from 
sources operating from external supplies be applied prior to ‘‘power-up’’ of the LMC7660. 

Note 3: For operation at elevated temperature, these devices must be derated based on a thermal resistance of 0j a and Tj max, Tj = Ta + &\ a Pq. 

Note 4: Boldface numbers apply at temperature extremes. All other numbers apply at Ta = 25°C, V+ = 5V, C osc = 0, and apply for the LMC7660 unless 
otherwise specified. Test circuit is shown in Figure 1. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed over the operating temperature range (but not 100% tested). These limits are not used to calculate outgoing quality levels. 

Note 7: The LMC7660 can operate without an external diode over the full temperature and voltage range. The LMC7660 can also be used with the external diode 
Dx, when replacing previous 7660 designs. 

Note 8: The test circuit consists of the human body model of 100 pF in series with 1500H. 
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OSCILLATOR FREQUENCY (Hz) 



50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


0 12345678 

SUPPLY VOLTAGE (V+) 


i<r io 3 io’ 10 s 

OSCILLATOR FREQUENCY (Hz) 
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CIRCUIT DESCRIPTION 

The LMC7660 contains four large CMOS switches which 
are switched in a sequence to provide supply inversion V ou t 
= -Vj n . Energy transfer and storage are provided by two 
inexpensive electrolytic capacitors. Figure 2 shows how the 
LMC7660 can be used to generate -V+ from V+. When 
switches SI and S3 are closed, C p charges to the supply 
voltage V+. During this time interval, switches S2 and S4 
are open. After C p charges to V+, SI and S3 are opened, 
S2 and S4 are then closed. By connecting S2 to ground, C p 
develops a voltage -V+/2 on C r . After a number of cycles 
C r will be pumped to exactly -V+. This transfer will be 
exact assuming no load on C r , and no loss in the switches. 
In the circuit of Figure 2, SI is a P-channel device and S2, 
S3, and S4 are N-channel devices. Because the output is 
biased below ground, it is important that the p~ wells of S3 
and S4 never become forward biased with respect to either 
their sources or drains. A substrate logic circuit guarantees 
that these p~ wells are always held at the proper voltage. 
Under all conditions S4 p~ well must be at the lowest po- 
tential in the circuit. To switch off S4, a level translator gen- 
erates Vqs 4 = OV, and this is accomplished by biasing the 
level translator from the S4 p- well. 

An internal RC oscillator and 2 circuit provide timing sig- 
nals to the level translator. The built-in regulator biases the 
oscillator and divider to reduce power dissipation on high 
supply voltage. The regulator becomes active at about V + 
= 6.5V. Low voltage operation can be improved if the LV 
pin is shorted to ground for V+ £ 3.5V. For V+ ^ 3.5V, the 
LV pin must be left open to prevent damage to the part. 

POWER EFFICIENCY AND RIPPLE 

It is theoretically possible to approach 1 00% efficiency if the 
following conditions are met: 

1) The drive circuitry consumes little power. 

2) The power switches are matched and have low R on . 

3) The impedance of the reservoir and pump capacitors are 
negligibly small at the pumping frequency. 


The LMC7660 closely approaches 1 and 2 above. By using 
a large pump capacitor C p , the charge removed while sup- 
plying the reservoir capacitor is small compared to C p ’s total 
charge. Small removed charge means small changes in the 
pump capacitor voltage, and thus small energy loss and 
high efficiency. The energy loss by C p is: 

E = y 2 Cp (VI 2 - V22) 

By using a large reservoir capacitor, the output ripple can be 
reduced to an acceptable level. For example, if the load 
current is 5 mA and the accepted ripple is 200 mV, then the 
reservoir capacitor can omit approximately be calculated 
from: 



~C r X 


Vripple p-p 
4/F osc 


_ 0.5 mA 
r 0.5V/ms 


10 juF 


PRECAUTIONS 

1) Do not exceed the maximum supply voltage or junction 
temperature. 

2) Do not short pin 6 (LV terminal) to ground for supply volt- 
ages greater than 3.5V. 

3) Do not short circuit the output to V+. 

4) External electrolytic capacitors C r and C p should have 
their polarities connected as shown in Figure 1. 

REPLACING PREVIOUS 7660 DESIGNS 

To prevent destructive latchup, previous 7660 designs re- 
quire a diode in series with the output when operated at 
elevated temperature or supply voltage. Although this pre- 
vented the latchup problem of these designs, it lowered the 
available output voltage and increased the output series re- 
sistance. 

The National LMC7660 has been designed to solve the in- 
herent latch problem. The LCM7660 can operate over the 
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entire supply voltage and temperature range without the 
need for an output diode. When replacing existing designs, 
the LMC7660 can be operated with diode Dx. 

Typical Applications 

Changing Oscillator Frequency 

It is possible to dramatically reduce the quiescent operating 
current of the LMC7660 by lowering the oscillator frequen- 
cy. The oscillator frequency can be lowered from a nominal 
10 kHz to several hundred hertz, by adding a slow-down 
capacitor C osc (Figure 3). As shown in the Typical Perform- 
ance Curves the supply current can be lowered to the 1 0 juA 
range. This low current drain can be extremely useful when 


used in /xPower and battery back-up equipment. It must be 
understood that the lower operating frequency and supply 
current cause an increased impedance of C r and C p . The 
increased impedance, due to a lower switching rate, can be 
offset by raising C r and C p until ripple and load current re- 
quirements are met. 

Synchronizing to an External Clock 

Figure 4 shows an LMC7660 synchronized to an external 
clock. The CMOS gate overrides the internal oscillator when 
it is necessary to switch faster or reduce power supply inter- 
ference. The external clock still passes through the -J-2 cir- 
cuit in the 7660, so the pumping frequency will be y 2 the 
external clock frequency. 





TL/H/9136-7 

FIGURE 3. Reduce Supply Current by Lowering Oscillator Frequency 


v 4 



TL/H/9136-8 

FIGURE 4. Synchronizing to an External Clock 
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Typical Applications (Continued) 

Lowering Output Impedance 

Paralleling two or more LMC7660’s lowers output imped- 
ance. Each device must have it’s own pumping capacitor 
C p> but the reservoir capacitor C r is shared as depicted in 
Figure 5. The composite output resistance is: 

_ Rout of one LMC7660 
out Number of devices 

Increasing Output Voltage 

Stacking the LMC7660s is an easy way to produce a greater 
negative voltage. It should be noted that the input 


current required for each stage is twice the load current on 
that stage as shown in Figure 6A. The effective output re- 
sistance is approximately the sum of the individual R ou t val- 
ues, and so only a few levels of multiplication can be used. 
It is possible to generate -15V from +5V by connecting 
the second 7660’s pin 8 to +5V instead of ground as 
shown in Figure 6B. Note that the second 7660 sees a full 
20V and the input supply should not be increased beyond 
+ 5V. 




5 it V = -2V* 




TL/H/9136-10 


FIGURE 6A. Higher Voltage by Cascade 
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Typical Applications (Continued) 

Split V+ In Half 

Figure 7 is one of the more interesting applications for the 
LMC7660. The circuit can be used as a precision voltage 
divider (for very light loads), alternately it is used to generate 
a y 2 supply point in battery applications. In the y 2 cycle 
when SI and S3 are closed, the supply voltage divides 
across the capacitors in a conventional way proportional to 
their value. In the y 2 cycle when S2 and S4 are closed, the 
capacitors switch from a series connection to a parallel con- 
nection. This forces the capacitors to have the same volt- 
age; the charge redistributes to maintain precisely V+/2, 
across C p and C r . In this application all devices are only 
V+/2, and the supply voltage can be raised to 20V giving 
exactly 10V at V out . 


Getting Up . . . and Down 

The LMC7660 can also be used as a positive voltage multi- 
plier. This application, shown in Figure 8, requires 2 addi- 
tional diodes. During the first y 2 cycle S2 charges C p 1 
through D1; D2 is reverse biased. In the next y 2 cycle S2 is 
open and SI is closed. Since C p 1 is charged to V+ - Vqi 
and is referenced to V+ through SI, the junction of D1 and 
D2 is at V+ + (V+ -Vpi). D1 is reverse biased in this 
interval. This application uses only two of the four switches 
in the 7660. The other two switches can be put to use in 
performing a negative conversion at the same time as 
shown in Figure 9 . In the % cycle that D1 is charging C p 1 , 
C p 2 is connected from ground to - V out via S2 and S4, and 
C r 2 is storing C p 2’s charge. In the interval that SI and S3 
are closed, C p 1 pumps the junction of D1 and D2 above 
V+, while C p 2 is refreshed from V+. 



TL/H/9136-12 
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Typical Applications (Continued) 



Thermometer Spans 180°C 

Using the combined negative and positive multiplier of Fig- 
ure 10 with an LM35 it is possible to make a juPower ther- 
mometer that spans a 180°C temperature range. The LM35 
temperature sensor has an output sensitivity of 10 mV/°C, 
while drawing only 50 jxA of quiescent current. In order for 
the LM35 to measure negative temperatures, a pull down to 
a negative voltage is required. Figure 10 shows a thermom- 
eter circuit for measuring temperatures from -55°C to 
+ 1 25°C and requiring only two 1 .5V cells. End of battery life 
can be extended by replacing the up converter diodes with 
Schottky’s. 

Regulating -V ou t 

It is possible to regulate the output of the LMC7660 and still 
maintain jmPower performance. This is done by enclosing 


the LMC7660 in a loop with a LP2951. The circuit of Figure 
11 will regulate V out to -5V for l|_ = 10 mA, and Vj n = 6V. 
For Vj n > 7 V, the output stays in regulation up to l|_ = 25 
mA. The error flag on pin 5 of the LP2951 sets low when the 
regulated output at pin 4 drops by about 5%. The LP2951 
can be shutdown by taking pin 3 high; the LMC7660 can be 
shutdown by shorting pin 7 and pin 8. 

The LP2951 can be reconfigured to an adjustable type regu- 
lator, which means the LMC7660 can give a regulated out- 
put from -2.0V to -10V dependent on the resistor ratios 
R1 and R2, as shown in Figure 12 , V re f = 1.235V: 

v out = v ref 
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Typical Applications (Continued) 


S.D. Input 


+ Vln 6V 
to 25V 



FIGURE 11. Regulated -5V with 200 fiA Standby Current 


TL/H/9136-16 


v out ~ V re f ^1 + R2 ) 

V re , = 1.235V 
*Low voltage operation 


+ Vin 6V 
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Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 />/2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. % harmonic distortion = 

(V22 + V32 + V42 + . . ,)1/2 (100%) 

VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range (or Input Voltage 
Range): The range of voltages on the input terminals for 
which the amplifier is operational. Note that the specifica- 
tions are not guaranteed over the full common-mode volt- 
age range unless specifically stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (R|_). 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (Rl). 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (RJ. 
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General Purpose Operational 
Amplifier Selection Guide 


Part # 

Vos 

mV (Max) 

•b 

nA (Max) 

GBW 

MHz(Typ) 

Slew 

Rate 

V/jis (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Military Temperature Range (-55°C to + 125°C) Specs at Ta = 25°C (Note 1) 

LH0044A 

0.025 

15 

0.4 

0.06 

3 

±2 

±20 

Low Noise 

LM607A 

0.025 

2 

1.8 

0.7 

1.5 

±3 

±18 

Improved OP-07 

LH0044 

0.05 

30 

0.4 

0.06 

4 

±2 

±20 

Low Noise 

LM607B 

0.06 

3 

1.8 

0.7 

1.5 

±3 

±18 

Improved OP-07 

LM11 

0.3 

0.05 

0.8 

0.3 

0.6 

±2.5 

±20 


LF411A 

0.5 

0.2 

4 

15 

2.8 

±6 

±22 


LF441A 

0.5 

0.05 

1 

1 

0.2 

±6 

±22 


LH2108A 

0.5 

2 

1 

0.3 

1.2 

±2 

±20 

Dual LM108A 

LM108A 

0.5 

2 

1 

0.3 

0.4 

±2 , 

±20 


LH0052 

0.5 

0.003 

1 

3 

3.5 

±5 

±22 


LF412A 

1 

0.2 

4 

15 

5.6 

±6 

±22 

Dual 

LF442A 

1 

0.05 

1 

1 

0.4 

±6 

±22 

Dual 

LH0004 v 

1 

100 

10 

* 

0.15 

±5 

±45 


LM604A 

1 

40 

7 

2 

8 

4 

36 

Multiplexed Op Amp 

LH2101A 

2 

75 

1 

0.5 

5 

±3 

±22 

Dual LM101A 

LF155A 

2 ■ 

0.05 

2.5 

5 

4 

±5 

±22 


LF156A 

2 

0.05 

5 

12 

7 

■±5 



IBES^SSH 

2 

0.05 

25 

50 

7 

±5 



LF411 

2 

0.2 

4 

15 

3.4 


±18 


LMC660A 

2 

0.02 

1.5 

1.7 

2.2 

5 

15 

Quad CMOS 

LM10 

2 

20 

0.09 

0.1 

0.4 

±0.6 

±22.5 

Op Amp + Reference 

LM101A 

2 

75 

1 

0.5 

3 

±3 

±22 


LM107 

2 

75 

1 

0.5 

CO 

±3 

±22 

Compensated LM101A 

LM108 

2 

2 

1 

0.3 

0.4 

±2 

±20 


LM112 

2 

2 

1 

0.2 

0.6 

±2 

±20 

Compensated LM108 

LM124A 

2 

50 

1 

0.5 

3 

3 

32 

Quad 

LM158A 

2 

50 

1 

0.5 

1.2 

3 

32 

Dual 

LP124 

2 

4 

0.1 

0.05 

0.13 

3 

32 

Quad 

LH0020 

2.5 

250 

# 

* 

5 

±5 

±22 


msm 

3 

CM 

o' 

4 

15 

6.8 

±6 

±18 

Dual 

LM741A 

3 

80 

1.5 

0.7 

2.8 


IKES 
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General Purpose Operational Amplifier Selection Guide (continued) 

Part # 

Vos 

mV (Max) 

>B 

n A (Max) 

GBW 

MHz(Typ) 

Slew 

Rate 

V//xs (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Military Temperature Range (~55°C to + 125°C) Specs atTA = 25°C (continued) 

LH0022 

4 

0.01 

1 

3 

2.5 

±5 

±22 


LF155 

5 

0.1 

2.5 

5 

4 

±5 

±22 


LF156 

5 

0.1 

5 

12 

7 

±5 

±22 


LF157 

5 

0.1 

20 

50 

7 

±5 

±22 

Minimum Gain of 5 

LF147 

5 

0.2 

4 

13 

11 

±6 

±22 

Quad 

LF442 

5 

0.1 

1 

1 

0.5 

±6 

±18 

Dual 

LF444A 

5 

0.1 

1 

1 

0.80 

±6 

±22 

Quad 

LH0086 

5 

0.5 

3 

10 

15.5 

±8 

±18 

Programmable Gain OA 

LM124 

5 

150 

1 

0.5 

3 

3 

32 

Quad 

LM143 

5 

20 

1 

2.5 

4 

±4 

±40 


LM144 

5 

20 

1 

2.5 

4 

±4 

±40 

Minimum Gain of 10 

LM146 

5 

100. 

1.2 

0.4 

2 

±1.5 

±22 

(Note 5) 

LM148 

5 

100 

1 

0.5 

3.6 

±5 

±22 

Quad 

LM149 

5 

100 

4 

2 

3.6 

±5 

±22 

Minimum Gain of 5, Quad 

LM158 

5 

150 

1 

0.5 

1.2 

3 

32 

Dual 

LM192 

5 

150 

1 

0.5 

2 

3 

32 

Comparator + Op Amp 

LM741 

5 

500 

1 

0.5 

2.8 

±3 

±22 


LM1558 

5 

500 

* 

* 

5 

±3 

±22 

Dual 

LM4250 

5 

50 

0.2 

0.2 

0.1 

±1 

±18 

(Note 5) 

LH0042 

20 

0.025 

1 

3 

3.5 

±5 

±22 



Part # 

Vos 

mV (Max) 

>B 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/fiS (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Automotive Temperature Range (-40°C to + 85°C) 

LM604 

3 

60 

7 

3 

9 

4 

36 

Multiplexed Op Amp 

LMC660A 

3 

0.02 

1.4 

1.1 

2.2 

5 

15 

Quad CMOS 

LMC662A 

3 

0.02 

1.4 

1.1 

1.3 

5 

15 

Dual CMOS 

LP2902 

4 

20 

0.1 

0.05 

0.15 

3 

26 

Quad 

LM2902 

7 

250 

1 

0.5 

3 

3 

26 

Quad 


7 

250 

1 

0.5 

2 

3 

26 

Dual 


7 

250 

1 

0.5 

CM 

3 

26 

Comparator + Op Amp 
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Operational Amplifier Selection Guides 


General Purpose Operational Amplifier Selection Guide (continued) 

Part # 

Vos 

mV (Max) 

■b 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

v/ IIS (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Industrial Temperature Range (-25°C to + 85°C) (Note 1) 

LM637A 

0.025 

10 

65 

14 

4.5 

±3.5 

±18 

Improved OP-37 

LM627A 

0.025 

10 

14 

4.5 

4.5 

±3.5 

±18 

Improved OP-27 

LMC669B 

0.025 

0.1 

* 

* 

6 

±8 

±22 

Autozero Block 

LH0044B 

0.05 

30 

0.4 

0.06 

4 

■ ±2 

±20 


LH0044C 

0.05 

30 

0.4 

0.06 

4 

±2 

±20 


LMC669C 

0.05 

0.1 

* 

* 

6 

±8 

±22 

Autozero Block 

LM637 

0.1 

25 

65 

14 

4.8 

±3.5 

±18 

Improved OP-37 

LM627 

0.1 

25 

14 

4.5 

4.8 



Improved OP-27 

LM208A 

0.5 

2 

1 

0.3 

0.6 

±2 

±20 


LH0052C 

2 

0.005 

1 

3 

3.8 

±5 

±22 


LMIOB(L) 

2 

20 

0.09 

0.1 

0.4 

(Note 4) 

Op Amp + Reference 

LM201A 

2 

75 

1 

0.5 

3 

±3 

±22 


LM207 

2 

75 

1 

0.5 

3 

±3 

±22 

Compensated LM201 A 

LM208 

2 

2 

1 

0.3 

0.6 

±2 

±20 


LM212 

2 

2 

1 

0.3 

0.6 

±2 

±20 

Compensated LM208 

LM224A 

3 

80 

1 

0.5 

2 

3 

32 

Quad 

LM258A 

3 

80 

1 

0.5 

1.2 

3 

32 

Dual 

LF255 

5 

0.1 

2.5 

5 

4 

±5 

±22 


LF256 

5 

0.1 

5 

12 

7 

±5 

±22 

• 

LF257 

5 

0.1 

20 

50 

7 

±5 

±22 

Minimum Gain of 5 

LM224 

5 

150 

1 

0.5 

2 

3 

32 

Quad 

LM258 

5 

150 

1 

0.5 

1.2 

3 

32 

Dual 

LM292 

5 

250 

1 

0.5 

2 

3 

32 


LH0020C 

6 

500 

* 

* 

6 

±5 



LH0022C 

6 

0.025 

i 

3 

2.8 

±5 

±22 


LM246 

6 

250 

0.5 

0.4 

,2.5 

±2 ■ 



LM248 

6 

200 

1 

0.5 

4.5 

±5 

jpifjB 


LM249 

6 

200 

4 

2 

4.5 

±5 

±18 


LH0086C 

10 

0.5 

3 

10 

15.5 

±8 

±18 

Programmable Gain 1 to 200 

LH0042C 

20 

0.05 

1 

3 

4 

* ±5 

±22 
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General Purpose Operational Amplifier Selection Guide (continued) 

Part # 

Vos 

mV (Max) 

>B 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/ /as (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Commercial Temperature Range (0°C to + 70°C) (Notes 1 and 2) 

LMC669B 

0.025 

0.1 

* 

* 

6 

±8 

±22 

Autozero Block 

LM607A 

0.025 

2 

1.8 

0.7 

1.5 

±3 

±18 

Improved OP-07 

LMC669C 

0.05 

0.1 

* 

>1* 

6 

±8 


Autozero Block 

LM607B 

0.06 

3 

1.8 

0.7 

1.5 

±3 


Improved OP-07 

LM607 

0.15 

10 

1.8 

0.7 

1.8 

±3 


Improved OP-07 

LF411A 

0.5 

0.2 

4 

15 

2.8 

±6 

±22 


LF441A 

0.5 

0.05 

1 

1 

0.2 

±6 

±22 


LM308A 

0.5 

7 

1 

0.3 

0.8 

±2 

±20 


LM11C 

0.6 

0.1 

0.8 

0.3 

0.8 

±2.5 

±20 


LF412A 

1 

0.2 

4 

15 

5.6 

±6 

±22 

Dual 

LF442A 

1 

0.05 

1 

1 

0.4 

+ 6 

±22 

Dual 

LM604A 

1 

40 

c*y 

3 

9 

4 

36 

Multiplexed Op Amp 

LF355A 

2 

0.05 

2.5 

5 

4 

±5 

±22 


LF356A 

2 

0.05 

5 

12 

10 

±5 

±22 


LF357A 

2 

0.05 

20 

50 

10 

±5 

±22 

Minimum Gain of 5 

LF411 

2 

0.2 


15 

3.4 

±6 

±22 


LF412 

3 

0.2 

4 ) 

15 

6.8 

±6 

±22 

Dual 

LM324A 

3 

100 

1 

0.5 

3 

3 

32 

Quad 

LM358A 

3 

100 

1 

0.5 

2 

3 

32 

Dual 

LM604 

3 

60 

<"V) 

7 

9 

4 

36 

Multiplexed Op Amp 

LM741E 

3 

80 

1.5 

0.7 

2.8 

±3 

±22 


LMIOC(L) 

4 

30 

0.09 

0.1 

0.5 

(Note 4) 

Op Amp + Reference 

LP324 

4 

10 

0.1 

0.05 

0.15 

3 

32 


LF347B 

5 

0.2 

4') 

13 

11 

±6 

±22 

Quad 

LF355B 

5 

0.1 

2.5 

5 

4 

±5 

±22 


LF356B 

5 

0.1 

5 

12 

4 

±5 

±22 


LF357B 

5 

0.1 

20 

50 

7 

±5 

±22 


LF441 

5 

0.1 

1 

1 

0.25 

±6 

±22 


LF442 

5 

0.1 

1 

i 

0.5 

±6 

±22 

Dual 

LM11CL 

5 

0.2 

0.8 

0.3 

0.8 

±2.5 

±20 


LF451 

5 

0.2 

A \ 

13 

3.4 

10 

32 

SO Pkg 

LF453 

5 

0.2 


13 

6.5 

10 

32 

SO Pkg Dual 

LM611 

5 

35 

1.4 

0.7 

0.3 

3 

36 

Op Amp + Ref 

LM613 

5 

35 

0.8 

0.7 

1 

3 

36 

2 Op Amps + 

2 Comparators + Ref 
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Operational Amplifier Selection Guides 


General Purpose Operational Amplifier Selection Guide (continued) 

Part # 

Vos 

mV (Max) 

•b 

n A (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/fis (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Commercial Temperature Range (0°C to +70°C) (Notes 1 and 2) 

LM614 

5 

35 

0.8 

0.7 

1 

3 

36 

Quad Op Amp + Ref 

LM392 

5 

250 

1 

0.5 

2 

3 

32 


LM833 

5 

1000 

10 

5 

8 

±5 

±18 

Dual Low Noise 

LMC660 

6 

0.002 

1.4 

1.1 

2.7 

5 

15 

Quad CMOS 

LMC662 

6 

0.002 

1.4 

1.1 

1.6 

5 

15 

Dual CMOS 

LM346 

6 

250 

0.5 

0.4 

2.5 

±1.5 

±22 

(Note 5) 

LM348 

6 

200 

1 

0.5 

4.5 

±5 

±18 


LM349 

6 

200 

4 

2 

4.5 

±5 

±18 


LM741C 

6 

500 

1.5 

0.5 

2.8 

±3 

±18 


LM1458 

6 

500 

* 

* 

5.6 

±3 

±18 


LM4250C 

6 

75 

0.2 

0.2 

0.1 

±1 

±18 

(Note 5) 

LM324 

7 

250 

1 

0.5 

3 

3 

32 


LM358 

7 

250 

1 

0.5 

2 

3 

32 


LM301A 

7.5 

250 

1 

0.5 

3 

±3 

±18 


LM307 

7.5 

250 

1 

0.5 

3 

±3 

±18 

Compensated LM301A 

LM308 

7.5 

7 

1 

0.3 

0.8 

±2 

±18 


LM312 

7.5 

7 

1 

0.2 

0.8 

±2 

±18 

Compensated LM308 

LM343 

8 

40 

1 

2.5 

5 

±4 

±34 


LM344 

8 

40 

1 

2.5 

5 

±4 

±34 

Minimum Gain of 10 

LF347 ft.C 

10 

0.2 

(*) 

13 

11 

±6 

±18 

Quad 

LF351 j\,\C 

10 

0.2 

4 

13 

3.4 

±6 

±18 


LF353 fvC 

10 

CM 

O 

4 

13 

6.8 

±6 

±18 

Dual 

LF355 

10 

0.2 

2.5 

5 

4 

±5 

±18 


LF356 

10 

0.2 

5 

12 

10 

±5 

±18 


LF357 

10 

0.2 

20 

50 

10 

±5 

±18 

Minimum Gain of 5 

LF444 

10 

0.1 

CT> 

1 

1 

±6 

±-18 

Quad 

LF13741 

15 

0.2 

1 

0.5 

4 

* 

±18 


TL081C 

15 

0.2 

4 

13 

2.8 

±6 

±18 


TL082C 

15 

0.2 

4 

13 

5.6 

±6 

±18 

Dual 

*Not Specified. 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 

Note 2: Those looking for a commercial part should also look at the Industrial Temp Range guide as many Hybrids are listed there. 

Note 3: Supply current is for all amplifiers in a package. 

Note 4: The LM10 has 2 versions: one a high voltage part, good to 45V and a low voltage part, good to 7V. Refer to the datasheet for more information. 

Note 5: The LM1 46 and LM4250 are programmable amplifiers. The data shown is for Vs = ± 1 5V and Iset = 1 0 ju.A. Refer to the datasheets for more information. 
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53 

National 

Semiconductor 

Low Ibias Selection Guide 

£5 pA 

£20 pA 

£50 pA 

£100 pA 

£200 pA 

£ 500 pA 

£ 1 nA 

T a = 25° C 

LH0022 

LMC668 

LH0032A 

LH0032 

LF401A 

LH4101 



LMC660 

LF155A/156A/ 

LF1 55/156/ 

LF401 

LH0032C 



LMC662 

LF157A 

LF157 

LF400A 




LH0022C 

LF355A/356A/ 

LF255/256/ 

LF400 



LH0052 

LH0042 

LF357A 

LF257 

TL081 

LH4004 


LH0052C 

LH0042C 

LF441A 

LF355B/356B/ 

LH0032AC 



LH0062 

LH0062C 

LF442A 

LF357B 

LF351 





LF444A 

LF441 

LF411 A/411 





LM1 1 

LF442 

LF355/356/ 






LF444 

LF357 






LM11C 

LF147/347B/347 







LF353 






LH0101 

LF412A/412 






LH0086 

LF13741 






LH0086C 

LM11CL 







LH0084 







LH0084C 







LH4104 







LH4104C 







LH4105 







LH4105C 



■ 




LH4117 







LH4117C 



Note: Datasheet should be referred to for conditions and more detailed information. 
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Operational Amplifier Selection Guides 


Wk National 
mSt Semiconductor 

High Speed Operational 

Amplifier Selection Guide 

Part # 

Slew Rate 
V//as (Typ) 

GBW 

MHz (Typ) 

Vos 

mV (Max) 

mA (Max) 
(Note 1) 

Notes 

GBW ^ 4 MHz, T a = 25°C 

LH4117 

2500 

400 

20 

±45 

FET Input, Current Feedback 

LH4118A 

2400 

300 

2 

±25 

Low Vqs» Current Feedback 

LH4004 

600 

200 

15 

±40 

FET Input, Current Feedback 

LH0024 

500 

70 

4 

±15 


LH0032 

500 

70 

5 

±20 

FET Input 

LH4124 

400 

70 

8 

±15 

Low Cost LH0024 

LH4161A 

300 

50 

i 

±6.5 

Trimmed LM6161 

LH4162A 

300 

50 

2 

±13 

Dual LH4161A 

LM6161 

300 

50 

7 

6.8 

Unity Gain Stable, VIPtm 

LM6164 

300 

175 

4 

6.8 

Min Gain of 5, VIP 

LM6165 

300 

725 

3 

6.8 

Min Gain of 25, VIP 

LH4101 

250 

40 

15 

±40 

Medium Power JFET 

LH4106 

170 

34 

20 

±20 

Drives 50ft Loads 

LM6313 

250 

35 

20 

23 

Hi Speed Hi Power 

LM6218 

140 

17 

3 

7 

Fast Settling Dual, VIP 

LF400 

70 

16 

0.5 

12 

Fast Settling JFET 

LF401 

70 

16 

0.2 

12 

Precision Fast Settling JFET 

LH0003 

70 

30 

3 

±3 


LH0062 

70 

15 

5 

±8 

FET Input 

LM118 

70 

15 

4 

7 


LF157 

50 

20 

2 

7 

Min Gain of 5, JFET 

LH4104 

40 

18 

10 

±25 

Medium Power Fast Settling JFET 

LH4105 

40 

18 

2 

±25 

Trimmed LH4104 

LM359 

30 

30 

* 

22 

Dual Current Mode (Norton) Amp 

LF411 

15 

4 

0.5 

2.8 

JFET 

LF412 

15 

4 

1.0 

5.6 

Dual JFET 

LF147 

13 

4 

5 

11 

Quad JFET 

LF451 

13 

4 

5 

3.4 

SO Pkg 

LF453 

13 

4 

5 

6.5 

SO Pkg Dual 

LF351 

13 

4 

10 

3.4 

JFET 

LF353 

13. 

4 

10 

6.8 

Dual JFET 

LF156 

12 

4.5 

2 

7 

JFET 

LM833 

7 

15 

5 

8 

Dual Low Noise 

’Not specified. 

Note 1: Supply current is for all amplifiers in a package. 
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National 

ACM Semiconductor 

Medium and High Power Operational Amplifier 
Selection Guide 0.1A Output) 

(T a = 25°C, Note 1) 

Part # 

I0UT 

A(Typ) 

Vos 

mV (Max) 

•s 

mA (Max) 

Slew Rate 

V//iS (Typ) 

PBW (Typ) 

LH4104 

0.1 

10 

±25 

40 

600 kHz 

LH4101 

0.1 

15 

±40 

250 

8 MHz 

LH4105 

0.1 

2 

±25 

40 

600 kHz 

LH4118 

0.1 

2 

• ±25 

2400 

55 MHz 

LH0041 

0.2 

3 

±3.5 

3 

20 kHz 

LH4141 

0.2 

6 

±4 

3 

20 kHz 

LH4117 

0.2 

20 

±45 

2500 

40 MHz 

LH0061 

0.6 

4 

±10 

70 

1 MHz 

LH0021 

1.2 

3 

±3.5 

3 

20 kHz 

LH0101A 

2.2 

3 

±35 

10 

300 kHz 

LH0101 

,2.2 

10 

±35 

10 

300 kHz 

LM675 

3 

10 

50 

8 

* 

LM12(L) 

(Note 2) 

7 

80 

9 

60 kHz 

LM12C(L) 

(Note 2) 

15 

120 

9 

60 kHz 

*Not Specified 

Note 1: Refer to Datasheet for conditions and more detailed information. 

Note 2: Iqut for the LM12 is dependent on the amount of power dissipated in the output transistor. The datasheet should be referred to, to determine amount of 

current available. 
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National 

Semiconductor 


Special Amplifier Selection Guide 


Amplifiers with Added Functions 

Featuring the new Super-BlockTM family, these amplifiers have additional special functions within their packages which help 
minimize the number of components required in an application. These devices are often used in control circuits, power supplies, 
and automatic test systems. 


LH0045 

T wo-Wire T ransmitter 

LM10 

Op Amp and Adjustable Voltage Reference 

LM392 

Op Amp and Comparator 

LM604 

Super-Block Multiplexed Op Amp (4 Inputs, 1 Output) 

LM611 

Super-Block Op Amp and Adjustable Voltage Reference 

LM613 

Super-Block Dual Op Amp, Dual Comparator, and Adjustable Voltage Reference 

LM614 

Super-Block Quad Op Amp and Adjustable Voltage Reference 


Transconductance Amplifiers (Voltage in, Current Out) 

These amplifiers provide a transconductance (g m ) proportional to their bias current, which is controlled externally. This program- 
mable gain makes the amplifiers useful in applications such as voltage-controlled amplifiers, current-controlled amplifiers, AGC 
circuits, and voltage multipliers. 


LM3080 

Operational Transconductance Amplifier 

LM 13600 

Dual Operational Transconductance Amplifier 
with Linearizing Diodes and Buffers 

LM 13700 

Improved Dual Operational Transconductance 

Amplifier with Linearizing Diodes and Buffers 


Transimpedance Amplifiers (Current In, Voltage Out) 

Transimpedance amplifiers are widely used to amplify photo-diode signals, and to ground-reference differential voltage signals 
which have high common-mode voltages. The LH0082 was designed to receive and amplify analog and digital signals transmit- 
ted by fiber optics. Like the LM359, the LH0082 can also be used as a video amplifier. The LM2900 series has found popularity 
in filter applications, as well as general-purpose amplifiers. 


LH0082 

20 MHz Transimpedance Amplifier/Comparator 

LM359 

Dual Current Mode (Norton) Amplifier 

LM2900 

Quad Current Mode (Norton) Amplifier 

LM3900 


LM3301 


LM3401 
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23 National 


Semiconductor 


LF147/LF347/LF347B Wide Bandwidth 
Quad JFET Input Operational Amplifiers 



General Description 

The LF147 is a low cost, high speed quad JFET input opera- 
tional amplifier with an internally trimmed input offset volt- 
age (BI-FET l|TM technology). The device requires a low 
supply current and yet maintains a large gain bandwidth 
product and a fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. The LF147 is pin compatible with the stan- 
dard LM148. This feature allows designers to immediately 
upgrade the overall performance of existing LF148 and 
LM124 designs. 

The LF147 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The device has low noise and offset 
voltage drift. 


Features 


■ Internally trimmed offset voltage 

5 mV max 

■ Low input bias current 

50 pA 

■ Low input noise current 

0.01 pAA/lHz 

■ Wide gain bandwidth 

4 MHz 

■ High slew rate 

13 V/juls 

■ Low supply current 

7.2 mA 

■ High input impedance 

1012ft 

■ Low total harmonic distortion Av=10, 

<0.02% 

R L =10k, V 0 = 20 Vp-p, BW = 20 Hz- 

20 kHz 

■ Low 1/f noise corner 

50 Hz 

■ Fast settling time to 0.01 % 

2 jus 


Simplified Schematic Connection Diagram 

% Quad DuaMn-Line Package 


OUT 4 IN 4“ IN 4 + V" IN3 + IN 3“ OUT 3 




Order Number LF147D, LF347D, LF147J, LF347BJ, 
LF347J, LF347M, LF347WM, LF347BN or LF347N 
See NS Package Number D14E, J14A, M14A, 
M14B or N14A 
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LF147/LF347/LF347B 


LF147 LF347B/LF347 

Operating Temperature (Note 4) (Note 4) 

Range 

Storage Temperature 

Range -65°C^T A <£150°C 

Lead Temperature 

(Soldering, 10 sec.) 260°C 260°C 

Soldering Information 
Dual-In-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 


Symbol 

Parameter 

Conditions 

LF147 

LF347B 



Min 

Typ 

Max 

Min 

Typ 

Max 




Vos 

Input Offset Voltage 

R s =10kft,T A = 25°C 

■ 

n 

5 



5 

■ 

B 

m 

mV 



Over Temperature 


■ 

8 



7 

■ 


K9 

mV 

AVos/AT 

Average TC of Input Offset 

R s = 10kft 

■ 


■ 

■ 

D 

■ 

■ 


■ 

jaV/°C 


Voltage 


I 


■ 

■ 


■ 



■ 


•os 

Input Offset Current 

Tj=25°C, (Notes 5, 6) 

■ 

H 

100 

■ 

B 

KBBI 

■ 



pA 



Over Temperature 

■ 


25 

■ 

■ 

KS 

1 



nA 

l B 

Input Bias Current 

Tj = 25°C, (Notes 5, 6) 

■ 


200 


50 



50 

200 

PA 



Over Temperature 



50 






8 

nA 

Rin 

Input Resistance 

Tj=25°C 





1012 



1012 


ft 

AvoL 

Large Signal Voltage Gain 

V s =±15V,T A = 25 e C 



■ 



■ 

25 

100 


V/mV 



V o =±10V, R L = 2kft 



■ 



■ 







Over temperature 



■ 




15 



V/mV 

V° 

Output Voltage Swing 

V s = ±15V,R L =10kft 

Hi 



Hi 

±13.5 





V 

VcM 

Input Common-Mode Voltage 

V s — ± 15V 



■ 


B3 

■ 


B 

■ 

V 


Range 



B3 

■ 


Bui 

■ 


EE3 

■ 

V 

CMRR 

Common-Mode Rejection Ratio 

Rs^iokn 

m 

100 



100 



100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 7) 

E9 






m 

100 


dB 

Is 

Supply Current 


□ 

■H 

m 


7.2 

11 

EI 


m 

mA 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 



LF147 

LF347B/LF347 

Supply Voltage 

±22V 

± 18V 

Differential Input Voltage 

±38V 

±30V 

Input Voltage Range 

±19V 

± 15V 

(Note 1) 

Output Short Circuit ' 

Continuous 

Continuous 

Duration (Note 2) 

Power Dissipation 

900 mW 

1000 mW 

(Notes 3 and 9) 



Tj max 

150°C 

150°C 

0jA 

Cavity DIP (D) Package 


80°C/W 

Ceramic DIP (J) Package 


70°C/W 

Plastic DIP (N) Package 


75°C/W 

Surface Mount Narrow (M) 


100°C/W 

Surface Mount Wide (WM) 


85°C/W 


DC Electrical Characteristics (Notes) 
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AC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF147 

LF347B 

LF347 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier to Amplifier Coupling 

T a = 25°C, 
f=1 Hz-20 kHz 
(Input Referred) 


-120 



-120 



-120 


dB 

SR 

Slew Rate 

V s =±15V,T a =25 0 C 

8 

13 


8 

13 


8 

13 


V/jLlS 

GBW 

Gain-Bandwidth Product 

V s = ± 15V, T a =25°C 

2.2 

4 


2.2 

4 


2.2 

4 


MHz 

e n 

Equivalent Input Noise Voltage 

T a =25°C, R s =ioon, 
f=1000 Hz 


20 



20 



20 


nV/i/Fiz 

•n 

Equivalent Input Noise Current 

Tj = 25°C,f=1000 Hz 


0.01 



0.01 



0.01 


pA/>/FE 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA- 

Note 4: The LF147 is available In the military temperature range -55 °C^Ta^ 1 25°C, while the LF347B and the LF347 are available in the commercial temperature 
range 0 °C^Ta^ 70°C. Junction temperature can rise to Tj max = 150°C. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs= ±20V for the LF147 and for Vs= ± 15V for the LF347B/ 
LF347. Vosi >B< and los are rneasured at Vcm = 0- 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA + 0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
V s = ± 5V to ±15V for the LF347 and LF347B and from V s = ±20V to ±5V for the LF147. 

Note 8: Refer to RETS147X for LF147D and LF147J military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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LF147/LF347/LF347B 


Typical Performance Characteristics 


Input Bias Current 


% 80 
I 

as 60 

oe 

o 

3 40 


|fc = ±15V 






Ta = 

25° 

C 































— 










































-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


I 

z 

£ 

ce 

3 

i 

=> 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 


Negative Common-Mode 



0 -5 -10 -15 -20 -25 



0 10 20 30 40 


POSITIVE SUPPLY 
VOLTAGE (V) 


NEGATIVE SUPPLY 
VOLTAGE (V) 


OUTPUT SOURCE CURRENT (mA) 


Neqative Current Limit 



0 10 20 30 40 


OUTPUT SINK CURRENT (mA) 



-50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 



0 5 10 1 5 20 25 

SUPPLY VOLTAGE (±V) 


Bode Plot 



150 

100 

50 | 

m 

0 l 

-50 | 
-100 
-150 


1 10 
FREQUENCY (MHz) 



0.1 1 10 
Rl-OUTPUT LOAD (kft) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


TL/H/5647-2 
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SETTLING TIME (m*) 


LF147/LF347/LF347B 





LF147/LF347/LF347B 



Pulse Response R L =2kn,c L =iopF 

Small Signal Inverting 


TIME (0.2 ps/DIV) 

TL/H/5647-4 


Small Signal Non-Inverting 



TIME (0.2 ms/DIV) 


TL/H/5647-5 


Large Signal Inverting 



TIME (2 jus/OIV) 


> 

Q 

> 

Lf> 

CD 

2 

i 


LU 

CD 



© 

> 


Large Signal Non-Inverting 


TIME (2 jus/OIV) 



TL/H/5647-6 


TL/H/5647-7 



Current Limit (Rl= 100H) 


TIME (5 ajs/DIV) 


TL/H/5647-8 


Application Hints 

The LF147 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II™). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 


should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
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Application Hints (Continued) 

output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4.5V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The LF147 will drive a 2 kfl load resistance to ±10V over 
the full temperature range. If the amplifier is forced to drive 
heavier load currents, however, an increase in input offset 
voltage may occur on the negative voltage swing and finally 
reach an active current limit on both positive and negative 
swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed back- 


Detailed Schematic 


wards in a socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 



TL/H/5647-9 
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Typical Applications 


Digitally Selectable Precision Attenuator 



A1 

A2 

A3 

Vo 

Attenuation 

0 

0 

0 

0 

0 

0 

1 

-1 dB 

0 

1 

0 

— 2 dB 

0 

1 

1 

—3 dB 

1 

0 

0 

—4 dB 

1 

0 

1 

— 5 dB 

1 

1 

0 

—6 dB 

1 

1 

1 

—7 dB 


ATTENUATION SELECT INPUTS 


» Accuracy of better than 0.4% with standard 1 % value resistors 

• No offset adjustment necessary 

• Expandable to any number of stages 

• Very high input impedance 


Long Time Integrator with Reset, Hold and Starting Threshold Adjustment 



• Vout starts from zero and is equal to the integral of the input voltage with respect to the threshold voltage: 

v OUT = p^J 0 ( v in “ VjH)dt 

• Output starts when Vin^Vjh 

• Switch SI permits stopping and holding any output value 

• Switch S2 resets system to zero 


TL/H/5647-10 


TL/H/5647-11 
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Typical Applications (Continued) 


Universal State Variable Filter 



For circuit shown: 

f 0 = 3 kHz, f NO TCH = 9-5 kHz 

Q = 3.4 

Passband gain: 

Highpass— 0.1 
Bandpass— 1 
Lowpass— 1 
Notch— 10 


• f o xCK200 kHz 

•10V peak sinusoidal output swing without slew limiting to 200 kHz 

• See LM148 data sheet for design equations 



3-23 


LF1 47/LF347/LF347B 



LF155/155A/LF255/LF355/355A/355B/LF156/156A/LF256/LF356/LF356A/356B/LF157/157A/LF257/LF357/357A/357B 



National 
Semiconductor 

LF155/LF156/LF157 Series Monolithic 
JFET Input Operational Amplifiers 


LF1 55/LF1 55A/LF255/LF355/LF355A/ 

LF355B Low Supply Current 

LF 1 56/LF 1 56A/LF256/LF356/LF356A/ 

LF356B Wide Band 

LF157/LF157A/LF257/LF357/LF357A/ 

LF357B Wide Band Decompensated (Avmin = 5 ) 
General Description 


These are the first monolithic JFET input operational ampli- 
fiers to incorporate well matched, high voltage JFETs on the 
same chip with standard bipolar transistors (BI-FET™ Tech- 
nology). These amplifiers feature low input bias and offset 
currents/low offset voltage and offset voltage drift, coupled 
with offset adjust which does not degrade drift or common- 
mode rejection. The devices are also designed for high slew 
rate, wide bandwidth, extremely fast settling time, low volt- 
age and current noise and a low 1 /f noise corner. 

Advantages 

■ Replace expensive hybrid and module FET op amps 

■ Rugged JFETs allow blow-out free handling compared 
with MOSFET input devices 

■ Excellent for low noise applications using either high or 
low source impedance— very low 1 /f corner 

■ Offset adjust does not degrade drift or common-mode 
rejection as in most monolithic amplifiers 

■ New output stage allows use of large capacitive loads 
(10,000 pF) without stability problems 

■ Internal compensation and large differential input volt- 
age capability 

Applications 

■ Precision high speed integrators 

■ Fast D/A and A/D converters 

■ High impedance buffers 

■ Wideband, low noise, low drift amplifiers 

■ Logarithmic amplifiers 


■ Photocell amplifiers 

■ Sample and Hold circuits 


Common Features 

(LF155A, LF156A, LF157A) 


Low input bias current 

30 pA 

Low Input Offset Current 

3 pA 

High input impedance 

1012ft 

Low input offset voltage 

1 mV 

Low input offset voltage temp, drift 

3 jliV/°C 

Low input noise current 

0.01 pA/VHz 

High common-mode rejection ratio 

100 dB 

Large dc voltage gain 

106 dB 


Uncommon Features 



LF155A 

LF156A 

LF157A 
( A v = 5) 

Units 

Extremely 
fast settling 
time to 

0.01% 

Fast slew 

4 

1.5 

1.5 

JUlS 

rate 

5 

12 

50 

V/JUL S 

Wide gain 
bandwidth 

2.5 

5 

20 

MHz 

Low input 

noise voltage 

20 

12 

12 

nV/vHz 
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Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 8) 



LF155A/6A/7A 

LF155/6/7 

LF355B/6B/7B 

LF255/6/7 

LF355/6/7 

LF355A/6A/7A 

Supply Voltage 

±22 V 

±22V 

±22V 

± 18V 

Differential Input Voltage 

±40V 

±40V 

±40V 

±30V 

Input Voltage Range (Note 2) 

±20V 

+ 20V 

±20V 

± 16V 

Output Short Circuit Duration 

TjMAX 

Continuous 

Continuous 

Continuous 

Continuous 

H-Package 

150°C 

150°C 

1 15°C 

1 15°C 

N-Package 



100°C 

100°C 

J-Package 


150°C 

1 15°C 

1 15°C 

M-Package 



100°C 

100°C 

Power Dissipation atT A = 25°C (Notes 1 and 9) 




H-Package (Still Air) 

560 mW 

560 mW 

400 mW 

400 mW 

H-Package (400 LF/Min Air Flow) 

1200 mW 

1200 mW 

1000 mW 

1000 mW 

N-Package 



670 mW 

670 mW 

J-Package 


1260 mW 

900 mW 

900 mW 

M-Package 

Thermal Resistance (Typical) 0j A 



380 mW 

380 mW 

H-Package (Still Air) 

160°C/W 

160°C/W 

160°C/W 

160°C/W 

H-Package (400 LF/Min Air Flow) 

65°C/W 

65°C/W 

65°C/W 

65°C/W 

N-Package 



130°C/W 

1 30°C/W 

J-Package 


100°C/W 

100°C/W 

100°C/W 

M-Package 
(Typical) 0 JC 



195°C/W 

195°C/W 

H-Package 

23°C/W 

23°C/W 

23°C/W 

23°C/W 

Storage Temperature Range 

Soldering Information (Lead Temp.) 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

— 65°Cto + 1 50°C 

— 65°C to +150°C 

Metal Can Package 

Soldering (10 sec.) 

Dual-ln-Line Package 

300°C 

300°C 

300°C 

300°C 

Soldering (10 sec.) 

Small Outline Package 


260°C 

260°C 

260°C 

Vapor Phase (60 sec.) 



215°C 

215°C 

Infrared (1 5 sec.) 



220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface 
mount devices. 

ESD tolerance 

(100 pF discharged through 1.5 kft) 1200V 1200V 1200V 1200V 


DC Electrical Characteristics (Note 3 ) t a = tj = 25°c 


Symbol 

Parameter 

Conditions 

LF155A/6A/7A | 

LF355A/6A/7A | 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Vos 

Input Offset Voltage 

R s = 50fl, T a = 25°C 


1 

2 


1 

2 

mV 



Over Temperature 



2.5 



2.3 

mV 

AV 0S /AT 

Average TC of Input 

Rg — 50ft 


3 

5 


3 

5 

juV/°C 


Offset Voltage 








ATC/AVqs 

Change in Average TC 

R s = 50fi, (Note 4) 


0.5 



0.5 


JLlV/°C 


with Vqs Adjust 






per mV 

los 

Input Offset Current 

Tj = 25°C, (Notes 3, 5) 


3 

10 


3 

10 

pA 



Tj^T H iGH 



10 



1 

nA 

•b 

Input Bias Current 

Tj = 25°C, (Notes 3, 5) 


30 

50 


30 

50 

pA 



Tj^T H iGH 



25 



5 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


n 

AvOL 

Large Signal Voltage 

V s = ±15V, T a =25°C 

50 

200 


50 

200 


V/mV 


Gain 

V 0 = ±10V, R L = 2k 
Over Temperature 

25 



25 



V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R L = 10k 

±12 

±13 


±12 

±13 


V 



V s = ± 15V, R L = 2 k 

±10 

±12 


±10 

±12 


V 
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DC Electrical Characteristics (Note 3 ) t a = t, = 25-c (continued) 

Symbol 

Parameter 

Conditions 

LF155A/6A/7A 

LF355A/6A/7A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

VCM 

Input Common-Mode 
Voltage Range 

V S =±15V 

±11 

+ 15.1 
-12 


±11 

+ 15.1 
-12 


V 

V 

CMRR 

Common-Mode Rejection 
Ratio 


85 

100 


85 

100 


dB 

PSRR 

Supply Voltage Rejection 
Ratio 

(Note 6) 

85 

100 


85 

100 


dB 

AC Electrical Characteristics t a = Tj = 25°c, v s = ±isv 

Symbol 

Parameter 

C 

onditions 

LF 155 A/355 A 

LF156A/356A 

LF157A/357A 

Units 


Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

SR 

Slew Rate 

LF155A/6A; A v =1, 
LF157A; A v = 5 

3 

5 


10 

12 


40 

50 


V/jas 

V/jas 

GBW 

Gain Bandwidth 

Product 



2.5 


4 

4.5 


15 

20 


MHz 

ts 

Settling Time to 0.01 % 

(Note 7) 


4 



1.5 



1.5 


ju-S 

©n 

Equivalent Input Noise 
Voltage 

R s =ioon 
f = 1 00 Hz 
f = 1000 Hz 


25 

25 



15 

12 



15 

12 


nV/i/Rz 

nV/VHi 

•n 

Equivalent Input 

Noise Current 

f = 1 00 Hz 
f= 1000 Hz 


0.01 

0.01 



0.01 

0.01 



0.01 

0.01 


ININ 

%% 

< < 
CL CL 

C|N 

Input Capacitance 



3 



3 



3 


PF I 

DC Electrical Characteristics (Note 3) 

Symbol 

Parameter 

Conditions 

LF1 55/6/7 

LF255/6/7 

LF355B/6B/7B 

LF355/6/7 

H 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s =50a,T A = 25 o C 
Over Temperature 


3 

5 

7 


3 

5 

6.5 


3 

10 

13 

mV 

mV 

AVos/AT 

Average TC of Input 
Offset Voltage 

Rs = 50fl 


5 



5 



5 


JLtV/°C 

ATC/AVqs 

Change in Average TC 
with Vos Adjust 

R s = 50fl, (Note 4) 


0.5 



0.5 



0.5 


I O 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 5) 
Tj^TniGH 


3 

20 

20 


3 

20 

1 


3 

50 

2 

PA 

nA 

■b 

Input Bias Current 

Tj = 25°C, (Notes 3, 5) 
Tj^THIGH 


30 

100 

50 


30 

100 

5 


30 

200 

8 

PA 

nA 

Rin 

Input Resistance 

Tj-25°C 


1012 



1012 



1012 


CL 

Avol 

Large Signal Voltage 
Gain 

V s = ± 1 5V, T A = 25°C 
V 0 = ± 10V, R L = 2k 
Over Temperature 

50 

25 

200 


50 

25 

200 


25 

15 

200 


V/mV 

V/mV 

Vo 

Output Voltage Swing 

V s = ± 15V, R L = 10k 
V s =±15V,R L = 2k 

±12 

±10 

±13 

±12 


±12 

±10 

±13 

±12 


±12 

±10 

±13 

±12 


V 

V 

VCM 

Input Common-Mode 
Voltage Range 

V S =±15V 

±11 

+ 15.1 
-12 


±11 

±15.1 

-12 


+ 10 

+ 15.1 
-12 


V 

V 

CMRR 

Common-Mode Rejec- 
tion Ratio 


85 

100 


85 

100 


80 

100 


dB 

PSRR 

Supply Voltage Rejec- 
tion Ratio 

(Note 6) 

85 

100 




■ 



■ 

Q 
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DC Electrical Characteristics t a = tj = 25 c, v s = ±isv 


Parameter 

LF155A/155, 

LF255, 

LF355A/355B 

LF355 

LF156A/156, 

LF256/356B 

LF356A/356 

LF157A/157 

LF257/357B 

LF357A/357 

Units 


Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 


Supply Current 

2 

4 

2 

4 

5 

7 

5 

10 

5 

7 

5 

10 

mA 


AC Electrical Characteristics t a = tj = 25-0, v s = ±isv 





LF155/255/ 

LF156/256, 

LF156/256/ 

LF157/257, 

LF1 57/257/ 


Symbol 

Parameter 

Conditions 

355/355B 

LF356B 

356/356B 

LF357B 

357/357B 

Units 




Typ 

Min 

Typ 

Min 

Typ 


SR 

Slew Rate 

LF155/6: A v =1, 

5 

7.5 

12 



V/ jus 



LF157: A v =5 




30 

50 

V/jus 

GBW 

Gain Bandwidth 

Product 


2.5 


5 


20 

MHz 


Settling Time to 0.01 % 

(Note 7) 

4 


1.5 


1.5 

JLLS 

e n 

Equivalent Input Noise 
Voltage 

R s =ioon 
f = 100 Hz 

25 


15 


15 

nVA/Hz 


f = 1000 Hz 

20 


12 


12 

nV/i/Hz 

■n 

Equivalent Input 

f = 100 Hz 

0.01 


0.01 


0.01 

pAA/Hz 


Current Noise 

f = 1000 Hz 

0.01 


0.01 


0.01 

pAA/Hz 

C|N 

Input Capacitance 


3 


3 


3 

PF 


Notes for Electrical Characteristics 

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX. 0jAi and the ambient temperature, 
Ta- The maximum available power dissipation at any temperature is Pd = (TjMAX _ 1"A)/0jA or the 25°C PdMAX. whichever is less. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: Unless otherwise stated, these test conditions apply: 



LF155A/6A/7A 

LF155//6/7 

LF255//6/7 

LF355A/6A/7A 

LF355B/6B/7B 

LF355//6/7 

Supply Voltage, Vs 

±i5V<;v s <;±20V 

±15V^V S ^±20V 

+ 15V£V s ^±18V 

±15V^V S ±20V 

V s = ± 15V 

Ta 

-55°C^T a ^ + 125°C 

-25 0 C£T A ^+85°C 

o°c<;t a <;+70 o c 

0°C^T a ^+70°C 

0°C^T A ^+70°C 

Thigh 

+ 1 25°C 

+ 85°C 

+ 70°C 

+ 70°C 

+ 70°C 


and Vqs. >b and los are measured at Vqm = 0. 


Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5jnV/ o C typically) for each mV of adjustment from its 
original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pd. Tj=TA+0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common practice. 

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kn resistors for the LF155/6. It is the time required for the error voltage (the 
voltage at the inverting input pin on the amplifier) to settle to within 0.01 % of its final value from the time a 10V step input is applied to the inverter. For the LF157, 
Ay= -5, the feedback resistor from output to input is 2 kn and the output step is 10V (See Settling Time Test Circuit). 

Note 8: Refer to RETS155AX for LF155A, RETS155X for LF155, RETSF156AX for LF156A, RETS156X for LF156, RETS157A for LF157A and RETS157X for 
LF1 57 military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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Typical DC Performance Characteristics 

Curves are for LF155, LF156 and LF157 unless otherwise specified. 


Input Bias Current 



-55 -25 5 35 65 95 125 

CASE TEMPERATURE (°C) 


Input Bias Current 



-55 -25 5 35 65 95 125 

CASE TEMPERATURE (°C) 


Input Bias Current 



nassl 


COMMON-MODE VOLTAGE (V) 


Voltage Swing 



10 15 20 


Supply Current 



SUPPLY VOLTAGE (±V) 


5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Negative Current Limit 



5 10 15 20 25 30 35 

OUTPUT SINK CURRENT (mA) 


Positive Current Limit 


5 10 15 20 25 30 35 40 

OUTPUT SOURCE CURRENT (mA) 


Positive Common-Mode 
Input Voltage Limit 



POSITIVE SUPPLY VOLTS (V) 


Negative Common-Mode 
Input Voltage Limit 


"T a = -55°C^ 
_T A = 25°C O 
T A = 125 0 C-JS 


Open Loop Voltage Gain 



Output Voltage Swing 


lllllllBSiiiiiiil 






NEGATIVE SUPPLY VOLTS (V) 


SUPPLY VOLTAGE (±V) 


OUTPUT LOAD R L (left) 
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OUTPUT VOLAGE SWING (5V/DIV) OUTPUT VOLTAGE SWING (50 mV/OIV) 


Typical AC Performance Characteristics 


Gain Bandwidth 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain Bandwidth 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Normalized Slew Rate 


-55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 

TL/H/5646-4 


Output Impedance 




WITTC" 


Output Impedance 


Output Impedance 


l||||!!!!ll^f|||l!!ii 


LF155 Small Signal Pulse 
Response, Av = + 1 





— ] 

|3l 





3 


3 

Lj 





J 



r| 








L 


i^i 



LF156 Small Signal Pulse 
Response, Ay= + 1 






m 








L- 





r 



tl 


"i 



: j 

! 


E 


L. 






E : 



1 _ 





E-H 



If 


Small Signal Pulse 
Response, Ay = +5 


LF155 Large Signal Pulse 
Response, Av = + 1 


LF156 Large Signal Pulse 
Response, Ay= + 1 


LF157 Large Signal Pulse 
Response, Av= +5 
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Typical AC Performance Characteristics (Continued) 


Inverter Settling Time 



0 0.5 1.0 5 10 

SETTLING TIME fas) 


Inverter Settling Time 



o.i i to 


Open Loop Frequency 



10 100 Ik 10k 100k 1M 10M 


SETTLING TIME fes) 


FREQUENCY (Hz) 



Common-Mode Rejection 
Ratio 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Power Supply Rejection Ratio 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 



FREQUENCY (Hz) 


Equivalent Input Noise 



TL/H/5646-11 
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*C = 3 pF in LF157 series. 

Connection Diagrams (Top Views) 

Metal Can Package (H) 


Dual-ln-Line Package (J) 


Dual-ln-Line Package (M and N) 



Order Number 

LF155AH, LF156AH, LF157AH, 
LF155H, LF156H, LF157H, 
LF255H, LF256H, LF257H, 
LF355AH, LF356AH, LF357AH, 
LF355BH, LF356BH, LF357BH, 
LF355H, LF356H or LF357H 
See NS Package Number H08C 


— ^ — 

14 

-NC 

BALANCE — 



J_3_ 

■NC 

2 



J_2_ 

■NC 

INPUT — 



11 

■V + 

INPUT — 

_r-P^L< 


]0_ 

-OUTPUT 



9 

-BALANCE 

V - — 

\ 


8 

-NC 








Order Number 
LF155J, LF156J, LF157J, 
LF355J, LF356J, LF357J, 
LF355BJ, LF356BJ or LF357BJ 
See NS Package Number J14A 


Order Number 
LF355M, LF356M, LF357M, 
LF356BM, LF355BN, LF356BN, 
LF357BN, LF355N, LF356N or 
LF357N 

See NS Package Number 
M08A or N08E 
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Application Hints 

The LF1 55/6/7 series are op amps with JFET input de- 
vices. These JFETs have large reverse breakdown voltages 
from gate to source and drain eliminating the need for 
clamps across the inputs. Therefore large differential input 
voltages can easily be accomodated without a large in- 
crease in input current. The maximum differential input volt- 
age is independent of the supply voltages. However, neither 
of the input voltages should be allowed to exceed the nega- 
tive supply as this will cause large currents to flow which 
can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

These amplifiers will operate with the common-mode input 
voltage equal to the positive supply. In fact, the common- 
mode voltage can exceed the positive supply by approxi- 
mately 100 mV independent of supply voltage and over the 
full operating temperature range. The positive supply can 
therefore be used as a reference on an input as, for exam- 
ple, in a supply current monitor and/or limiter. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in 


Typical Circuit Connections 


polarity or that the unit is not inadvertently installed back- 
wards in a socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

All of the bias currents in these amplifiers are set by FET 
current sources. The drain currents for the amplifiers are 
therefore essentially independent of supply voltage. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pickup” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to ac ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately six 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Vqs Adjustment 



• Vos is adjusted with a 25k potenti- 
ometer 

• The potentiometer wiper is con- 
nected to V+ 

• For potentiometers with tempera- 
ture coefficient of 100 ppm/°C or 
less the additional drift with adjust 
is = 0.5 jmV/°C/mV of adjustment 

• Typical overall drift: 5 jaV/°C ±(0.5 
jaV/°C/mV of adj.) 


Driving Capacitive Loads 


LF157. A Large Power BW Amplifier 


Sk 



‘LF155/6 R = 5k 
LF157 R — 1 .25k 



power bandwidth is: 500 kHz. 


Due to a unique output stage design, these am- 
plifiers have the ability to drive large capacitive 
loads and still maintain stability. C|_(max) = 0-01 

PF- 

Overshoot £ 20% 


Settling time (t s ) = 5 ju,s 


3-32 



Typical Applications 


Settling Time Test Circuit 


2k, 0.1% 



Settling time is tested with the LF155/6 connected 
as unity gain inverter and LF157 connected for 
A v = -5 

FET used to isolate the probe capacitance 
Output = 10V step 
A v = — 5 for LF1 57 


TL/H/5646-16 


Large Signal inverter Output, Vqut (from Settling Time Circuit) 

LF355 LF356 LF357 



2/d/DIV 

TL/H/5646-17 



1 iis/DIV 

TL/H/5646-18 



1/4/01V 

TL/H/5646-19 


Low Drift Adjustable Voltage Reference 


2N4118 



• A V OU t/AT=± 0.002%/ o C 

• All resistors and potentiometers should be wire-wound 

• PI: drift adjust 

• P2: Vout adjust 

• Use LF155 for 
“ Low Ib 

n Low drift 
" Low supply current 
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Typical Applications (Continued) 

Fast Logarithmic Converter 



• Dynamic range: 100 ju,A £ lj £ 1 mA (5 dec- 
ades), |Vol = 1V/decade 

• Transient response: 3 ixs for Alj= 1 decade 

• Cl , C2, R2, R3: added dynamic compensation 

• Vqs adjust the LF1 56 to minimize quiescent error 

• Rj: Tel Labs type Q81 + 0.3%/°C 


IVoutI 


f. , R2l kT, w 
1 + — — In V| 

RtJ q 


Rr 

VRHFRi. 


'og Vi -R 2 


15.7k, Rj = Ik, 0.3%/°C (for temperature compensation) 


Precision Current Monitor 



• V 0 =5R1/R2(V/mAof l s ) 

• R1, R2, R3: 0.1 % resistors 

• Use LF155 for 

■ Common-mode range to supply range 

■ Low Is 

■ Low Vos 

■ Low Supply Current 


8-Bit D/A Converter with Symmetrical Offset Binary Operation 



TL/H/5646-32 


• R1, R2 should be matched within ±0.05% 

• Full-scale response time: 3/xs 


E 0 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

Comments 

+ 9.920 

1 

1 

1 

1 

1 

1 

1 

1 

Positive Full-Scale 

+ 0.040 

1 

0 

0 

0 

0 

0 

0 

0 

( + ) Zero-Scale 

-0.040 

0 

1 

1 

1 

1 

1 

1 

1 

(-) Zero-Scale 

-9.920 

0 

0 

0 

0 

0 

0 

0 

0 

Negative Full-Scale 
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Typical Applications (Continued) 


Wide BW Low Noise, Low Drift Amplifier 


C2 



• Power BW: f M AX = r~r 13 240 kHz 

27TVp 

• Parasitic input capacitance Cl « (3 pF for LF155, LF156 and LF157 plus 
any additional layout capacitance) interacts with feedback elements and 
creates undesirable high frequency pole. To compensate add C2 such 
that: R 2 C 2 s Rici. 



• Overshoot 6% TL/H/5646-22 

• tg 10 JlS 


• When driving large C|_, the Vqut slew rate determined by Cl and 
l0UT(MAX): 

AVqUT _ l0UT ^ 0.02 


AT 


0.5 


V/jxs = 0.04 V/jus (with Cl shown) 


Boosting the LF156 with a Current Amplifier 



• AVout 0.15 

= 73^2 V/ ^ s ( with C L shown) 


• No additional phase shift added by the current amplifier 


Low Drift Peak Detector 



• By adding D1 and Rf, Vqi =0 during hold mode. Leakage of D2 provided 
by feedback path through Rf. 

• Leakage of circuit is essentially I b (LF155, LF156) plus capacitor leakage 
of Cp. 

• Diode D3 clamps Vout (A1) to V|n~Vd 3 to improve speed and to limit 
reverse bias of D2. 

• Maximum input frequency should be < < y 2 irRfCD 2 where Cq 2 is the 
shunt capacitance of D2. 


3 Decades VCO 


c 



f = 


V c (R8 + R7) 

(8 V PU R8R1)C’ 


0^V C ^30V, 10Hz£f<:i0kHz 


R1, R4 matched. Linearity 0.1% over 2 decades. 



Inverting Unity Gain for LF157 


R2 



R1C ^ (2tt) (5 MHz) 



Av(DC) = “I 
f — 3 d B ~ 5 MHz 

TL/H/5646-25 
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Typical Applications (Continued) 


High Impedance, Low Drift Instrumentation Amplifier 



> VOUT 


VOUT 


R3 2R2 

= — +1 AV, V - + 2V £ Vim common-mode ^ \ 


• System Vos adjusted via A2 Vos adjust 

• Trim R3 to boost up CMRR to 120 dB. Instrumentation amplifier 
resistor array recommended for best accuracy and lowest drift 


TL/H/5646-26 
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Typical Applications (Continued) 


Fast Sample and Hold 



• Both amplifiers (A1, A2) have feedback loops individually closed with stable responses (overshoot negligible) 

• Acquisition time T A , estimated by: 

T ^ ^ 2Rqn, V|N. C h j V4 provided that: 

V, N < 27rS r Ron C h and T A > , V|N ° h , Ron is of SW1 
'OUT(MAX) 

If inequality not satisfied: T A = 

• LF156 develops full S r output capability for Vin^IV 

• Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback loop 

• Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2 


TL/H/5646-33 


High Accuracy Sample and Hold 


R1 

51k 



TL/H/5646-27 

• By closing the loop through A2, the Vqut accuracy will be determined uniquely by A1 . 

No Vos adjust required for A2. 

• T a can be estimated by same considerations as previously but, because of the added 
propagation delay in the feedback loop (A2) the overshoot is not negligible. 

• Overall system slower than fast sample and hold 

• R1, Cq: additional compensation 

• Use LF156 for 

■ Fast settling time 

■ Low Vqs 
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Typical Applications (Continued) 


High Q Band Pass Filter 



* By adding positive feedback (R2) 
Q increases to 40 
»f B p=100 kHz 

^ = ioV5 

V|N 

» Clean layout recommended 
» Response to a 1 Vp-p tone burst: 
300 /is 


High Q Notch Filter 



2C = Cl = 300 pF 

• Capacitors should be matched to obtain high Q 

• f NOTCH = 120 Hz, notch = — 55 dB, Q > 
100 

• Use LF155 for 

■ Low Iq 

■ Low supply current 
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52 National 


Semiconductor 

LF351 Wide Bandwidth JFET Input Operational Amplifier 


General Description 

The LF351 is a low cost high speed JFET input operational 
amplifier with an internally trimmed input offset voltage 
(BI-FET I |tm technology). The device requires a low supply 
current and yet maintains a large gain bandwidth product 
and a fast slew rate. In addition, well matched high voltage 
JFET input devices provide very low input bias and offset 
currents. The LF351 is pin compatible with the standard 
LM741 and uses the same offset voltage adjustment circuit- 
ry. This feature allows designers to immediately upgrade the 
overall performance of existing LM741 designs. 

The LF351 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The device has low noise and offset 
voltage drift, but for applications where these requirements 
are critical, the LF356 is recommended. If maximum supply 


current is important, however, the LF351 is the better 
choice. 

Features 

■ Internally trimmed offset voltage 10 mV 

■ Low input bias current 50 pA 

■ Low input noise voltage 25 nV/VHz 

■ Low input noise current 0.01 pAA/Hz 

■ Wide gain bandwidth 4 MHz 

■ High slew rate 13 V/ju-s 

■ Low supply current 1.8 mA 

■ High input impedance 10 12 n 

■ Low total harmonic distortion Av=10, <0.02% 

R L = 10k, V o = 20 Vp-p, BW = 20 Hz-20 kHz 

■ Low 1 /f noise corner 50 Hz 

■ Fast settling time to 0.01 % 2 juts 


Typical Connection 


Simplified Schematic 



Connection Diagrams (Top Views) 

Metal Can Package 





Order Number LF351H 
See NS Package Number H08C 


Order Number LF351 J, 

LF351M or LF351N 

See NS Package Number J08A, M08A or N08E 
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LF351 



LF351 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, H Package N Package 

please contact the National Semiconductor Sales 0 jA 164°C/W (Still Air) 120°C/W 

Office/Distributors for availability and specifications. 66°C/W 

Supply Voltage ± 1 8V <400 LF/min Air Flow) 

Power Dissipation (Notes 1 and 6) 670 mW 0j C 21°C/W 

Operating Temperature Range 0°C to + 70°C Soldering Information 

Tj(MAX) 115°C Dual-ln-Line Package 

Differential Input Voltage ±30V Soldering (10 sec.) 260°C 

, r~, . „. Jr . w Small Outline Package 

Input Voltage Range (Note 2) ±15V Vapor Phase (60 sec.) 215“C 

Output Short Circuit Duration Continuous Infrared (15 sec.) 220°C 

Storage Temperature Range -65°C to + 1 50°C See AN-450 “Surface Mounting Methods and Their Effect 

Lead Temp. (Soldering, 10 sec.) on Product Reliability” for other methods of soldering sur- 

Metal Can 300°C face mount devices. 

DIP 260°C ESD rating to be determined. 

DC Electrical Characteristics (Note 3) 

Symbol 

Parameter 

Conditions 

LF351 

Units 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s = 10ka,T A = 25°C 
Over Temperature 


5 

10 

13 

mV 

mV 

AV 0S /AT 

Average TC of Input Offset 

Voltage 

R s =10kn 


10 


jmV/°C 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 

Tj <; 70°C 


25 

100 

4 

< < 
Q_ C 

Ib 

Input Bias Current 

Tj = 25°C, (Notes 3, 4) 

Tj ^ ±70°C 


50 

200 

8 

< < 
Q. C 

Rin 

Input Resistance 

Tj = 25°C 


1012 


ft 

Avol 

Large Signal Voltage Gain 

V s = ± 15V, T a = 25°C 

Vq= ± 10V, R L = 2kH 

Over Temperature 

25 

15 

100 


V/m V 

V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R L =10kft 

±12 

±13.5 


V 

VCM 

Input Common-Mode Voltage 
Range 

V s = ± 15V 

±11 

+ 15 

-12 


V 

V 

CMRR 

Common-Mode Rejection Ratio 

r s ^io k ft 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

70 

100 


dB 

is 

Supply Current 



1.8 

3.4 

mA 
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AC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

LF351 

Units 

Min 

Typ 

Max 

SR 

Slew Rate 

V s = ± 15V, T a = 25°C 


13 


V/jus 

GBW 

Gain Bandwidth Product 

V s =±15V,T a = 25°C 


4 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = ioon, 
f=1000 Hz 


25 


nV/VRz 

■n 

Equivalent Input Noise Current 

Tj = 25 0 C, f = 1000 Hz 


0.01 


pA/VHz 


Note 1: For operating at elevated temperature, the device must be derated based on the thermal resistance, 0 ja- 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vs^ ± 15V and 0 °C^Ta^ +70°C. Vos. Ib and Iqs are measured at Vcm = 0- 


Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = TA+0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From 
± 15V to +5V. 

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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POSITIVE COMMON-MODE INPUT 

UNITY GAIN BANDWIDTH (MHz) NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics 


Input Bias Current 


Input Bias Current 


Supply Current 



10 20 30 40 SO 60 70 

TEMPERATURE (°C) 

0.1 1 to 

FREQUENCY (MHz) 

100 

0 10 20 30 40 SO 

TEMPERATURE (°C) 

60 70 





TL/H/5648-2 


12 







Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



Undistorted Output 
Voltage Swing 



10k 100k 1M 

FREQUENCY (Hz> 


Open Loop Frequency 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Common-Mode 
Rejection Ratio 



Power Supply 
Rejection Ratio 



10 100 IK 10k 1 00k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input 



FREQUENCY (Hz) 


Open Loop Voltage 
Gain (V/V) 



S 10 15 20 


SUPPLY VOLTAGE (±V) 


Output Impedance 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Inverter Settling Time 



0.1 1 10 
SETTLING TIME (ms) 

■ TL/H/5648-3 
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Pulse Response 


Small Signal Inverting 



TIME (0.2 /is/DIV) 


TL/H/5648-4 


Large Signal Inverting 



Small Signal Non-Inverting 



TIME (0.2 ais/DIV) 


TL/H/5648-5 

Large Signal Non-Inverting 



TIME (2 /is/DIV) TIME (2 /is/DIV) 

TL/H/5648-6 


Current Limit (Rl= 100 Cl) 



TIME (5 Ats/DIV) 


TL/H/5648-8 


TL/H/5648-7 


Application Hints 

The LF351 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET IItm). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 


cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. 

Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
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Application Hints (Continued) 

common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The LF351 is biased by a zener reference which allows nor- 
mal circuit operation on ±4V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The LF351 will drive a2 kft load resistance to ±10V over 
the full temperature range of 0°C to +70°C. If the amplifier 
is forced to drive heavier load currents, however, an in- 
crease in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed back- 


wards in a socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Detailed Schematic 
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Typical Applications 


Supply Current Indicator/Limiter 



Hi-Z|N Inverting Amplifier 


C2 



Parasitic input capacitance Cl « (3 pF for LF351 
plus any additional layout capacitance) interacts 
with feedback elements and creates undesirable 
high frequency pole. To compensate, add C2 such 
that: R2C2 « R1C1. 


Ultra-Low (or High) Duty Cycle 
Pulse Generator 


Long Time Integrator 



4.8 - 2V S 

• touTPUT high ~ R1C £ n — _ - - 

2V S - 7.8 

• tOUTPUT LOW ~ R2C / n — - 

where Vs = V+ + |V~| 

'‘low leakage capacitor 
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National 

Semiconductor 


LF353 Wide Bandwidth Dual 
JFET Input Operational Amplifier 



General Description 

These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input offset 
voltage (BI-FET IItm technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF353 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance 
of existing LM1558 and LM358 designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage, low input bias current, high input impedance, high 
slew rate and wide bandwidth. The devices also exhibit low 
noise and offset voltage drift. 


Features 


■ Internally trimmed offset voltage 

10 mV 

■ Low input bias current 

50pA 

■ Low input noise voltage 

16 nV/VRz 

■ Low input noise current 

0.01 pA/VRz 

■ Wide gain bandwidth 

4 MHz 

■ High slew rate 

13 V/jus 

■ Low supply current 

3.6 mA 

■ High input impedance 

1012 a 

■ Low total harmonic distortion Av=10, 

<0.02% 

RL= 10k, V o = 20Vp-p, BW=20 Hz-20 kHz 

■ Low 1 /f noise corner 

50 Hz 

■ Fast settling time to 0.01 % 

2 |LLS 


Typical Connection 


Connection Diagrams 



Simplified Schematic 


Order Number LF353H 
See NS Package Number H08C 


1/2 Dual 



Dual-In-Line Package (Top View) 



Order Number LF353J, LF353M or LF353N 
See NS Package Number J08A, M08A or N08E 

TL/H/5649-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage ±18V 

Power Dissipation (Note 1 ) 

Operating Temperature Range 0°C to 4- 70°C 

Tj(MAX) 150°C 

Differential Input Voltage ± 30V 

Input Voltage Range (Note 2) ± 1 5V 

Output Short Circuit Duration Continuous 


DC Electrical Characteristics (Note 4) 


Storage Temperature Range 
Lead Temp. (Soldering, 10 sec.) 
Soldering Information 
Dual-ln-Line Package 
Soldering (10 sec.) 

Small Outline Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 


— 65°C to + 1 50°C 
260°C 


260°C 

215°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 



Parameter 

Conditions 

LF353 

Units 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s = 10kfl, T a = 25°C 


5 

10 

mV 



Over Temperature 



13 

mV 

AVos/AT 

Average TC of Input Offset 

Voltage 

R s =10kf> 


10 



•os 

Input Offset Current 



25 










Ib 

Input Bias Current 

Tj = 25°C, (Notes 4, 5) 


50 

200 

pA 



Tj<;70°C 



8 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 


ft 

AvOL 

Large Signal Voltage Gain 

V s =±15V f T A = 25 0 C 

25 

100 


V/mV 



V o =±10V, R L = 2 kfl 
Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R L =10ka 

±12 

±13.5 


V 

VcM 

Input Common-Mode Voltage 
Range 

V S =±15V 

±11 

■at 


V 

V 

CMRR 

Common-Mode Rejection Ratio 

R s ^ iokn 

70 



dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

70 

100 


dB 

•s 

Supply Current 



3.6 

6.5 

mA 


AC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

LF353 

Units 

Min 

Typ 

Max 


Amplifier to Amplifier Coupling 

T A =25°C, f= 1 Hz -20 kHz 
(Input Referred) 




dB 

SR 

Slew Rate 

V S =±15V,T A =25°C 

8.0 

13 


V/jutS 

GBW 

Gain Bandwidth Product 

V s =±15V,T a =25°C 

2.7 

4 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = ioon, 
f = 1000 Hz 

- 

25 


nV/i/Hz 

in 

Equivalent Input Noise Current 

Tj = 25°C, f = 1 000 Hz 


0.01 


pA/>/Hz 


Note 1: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 1 15°C/W typ junction to ambient for the N package, 
and 1 58°C/W typ junction to ambient for the H package. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: The power dissipation limit, however, cannot be exceeded. 

Note 4: These specifications apply for Vs= ±15V and O'C^Ta^ +70°C. Vqs. Ib and los are measured at Vcm = 0 - 

Note 5: The input bias currents are junction leakage currents which approximately double for every 1 0°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA+0jA Po where 0 ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 
V s = ±6V to ±15V. 
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Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



Undistorted Output Voltage 
Swing 



10k 100k 1M 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hi) 


FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



Power Supply Rejection 
Ratio 



10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hi) 


Equivalent Input Noise 



FREQUENCY (Hz) 


Open Loop Voltage Gain (V/V) 



5 10 16 20 

SUPPLY VOLTAGE (±V) 



Inverter Settling Time 



TL/H/5649-3 
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Pulse Response 




Small Signaling Inverting 


Small Signal Non-Inverting 


TIME (0.2 /js/DIV) 


TIME (0.2 ms/DIV) 


> 

E 


TL/H/5649-4 


TL/H/5649-5 



TL/H/5649-7 


Large Signal Inverting 


Large Signal Non-Inverting 


TL/H/5649-6 



TL/H/5649-8 


TIME (5 ms/DIV) 


Current Limit (Rl = 100ft) 


Application Hints 

These devices are op amps with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 


Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 
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Application Hints (Continued) 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kit load resistance to ±10V 
over the full temperature range of 0°C to + 70°C. If the am- 
plifier is forced to drive heavier load currents, however, an 
increase in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 

Detailed Schematic 


ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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Typical Applications (Continued) 


Improved CMRR Instrumentation Amplifier 

v s 



I I 

-„S -V S ’ 

SEPARATE 



rh and -±- are separate isolated grounds 
Matching of R2's, R4's and R5's control CMRR 
With A\/y = 1400, resistor matching = 0.01%: CMRR = 136 dB 

• Very high input impedance 

• Super high CMRR 

Fourth Order Low Pass Butterworth Filter 

c 



• Passband gain (H 0 ) = (1 + R4/R3) (1 + R4'/R3') 

• First stage Q = 1 .31 

• Second stage Q = 0.541 

• Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 

TL/H/5649-1 1 
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Typical Applications (Continued) 

Fourth Order High Pass Butterworth Filter 

R1 



• Passband gain (H 0 = (1 +R4/R3) (1 +R47R3') 

• First stage Q = 1.31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10. 


Ohms to Volts Converter 



Where Rladder is the resistance from switch SI pole to pin 7 of the LF353. 


TL/H/5649-13 
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LF400A/LF400 


fjWX National 
£m Semiconductor 


LF400A/LF400 



Fast-Settling JFET-Input Operational Amplifier 


General Description 

The LF400 is a fast-settling (under 400 ns to 0.01 % for a 
10V output step) Bi-FET operational amplifier. Features in- 
clude 16 MHz bandwidth, 60V/jus inverting slew rate, low 
input offset voltage (0.5 mV for the LF400A at 25°C), and 
adjustable output current limit, enabling the amplifier to drive 
600ft loads. 


Applications 

b DAC output amplifiers 
■ High speed ramp generators 
B Fast buffers 
a Sample-and-holds 
b Fast integrators 

a Piezoelectric transducer signal conditioners 


Typical Connection 


Connection Diagram 



TL/H/9414-1 


HIGH-CURRENT 

OUTPUT 



Note: Pin 4 connected to case. TL/H/9414-2 

Top View 

Order Number LF400ACH, LF400CH, 
LF400AMH or LF400MH 
See NS Package Number H08B 


Simplified Schematic 
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Absolute Maximum Ratings (Notes 1 & 2) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage + 18V 

Differential Input Voltage ± 32V 

Input Voltage Range (Note 3) + 1 6V 

Output Short Circuit Duration (Pin 6) Continuous 


Power Dissipation (Note 4) H package 
Junction Temperature (Tjmax) 

Storage Temperature 

Lead Temperature (Soldering, 10 sec.) 

ESD Susceptibility (Note 9) 


500 mW 
150°C 

— 65°C to + 150°C 
+ 300°C 
800V 


Operating Ratings (Notes 1 & 2) 

Temperature Range 


LF400AMH, LF400MH 
LF400ACH, LF400CH 
Positive Supply Voltage 
Negative Supply Voltage 


Tmin ^ T a ^ Tmax 
— 55°C <; T a ^ + 125°C 
0°C ^ T A ^ + 70°C 
+ 10V to + 16V 
-10V to -16V 


AC Electrical Characteristics (lf4ooach, lf4ooch> 


The following specifications apply for V+ = + 15VandV~ = -15V unless otherwise specified. 

Tested Limits in Boldface apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for Ta = T M)N to 
T MA x; other Design Limits are for T A = 25°C; all other limits for Tj = 25°C. 





LF400ACH 

LF400CH 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

ts 

Settling Time to 0.01 % 

See Figure 1 

365 



365 



ns 


to 0.10% 

See Figure 1 

200 



200 



ns 

GBW 

Minimum Gain 

Bandwidth Product 

A v = +1,C L = 10 pF 

16 

14 


16 

14 


MHz 

SR 

Minimum Slew Rate 

A v = + 1 , C|_ = 1 0 pF 

30 

27 


30 

27 


V/ jus 



A v = -1,C L = 10 pF 

60 



60 



V/jLLS 

<f> 

Phase Margin 

Ay — + 1 , C[_ = 1 0 pF 

60 



60 



Degrees 

e n 

Input Noise Voltage 

f= 1kHz, R s = 100n 

23 



23 



nV/i/FE 



Broadband, Rs = 100LI, 
10 Hz to 10 kHz 

2.3 



2.3 



juV rms 

■n 

Input Noise Current 

f = 1 kHz 

0.01 



0.01 



pA/VHz 



Broadband 

10 Hz to 10 kHz 

1.0 



1.0 



pA rms 

THD 

Total Harmonic Distortion 

f = 1 kHz, A v = -1, 

R L = 10k 

0.002 



0.002 



% 

Qn 

Input Capacitance 


7 



7 



PF 
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LF400A/LF400 


DC Electrical Characteristics <lf4ooach, lf4ooch) 


The following specifications apply for V+ = + 15V and V - = -15V unless otherwise specified. 

Tested Limits in Boldface apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for T& = T M , N to 
Traax; other Design Limits are for Ta = 25°C; all other limits for Tj = 25°C. 







LF400ACH 

LF400CH 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Vos 

Maximum Input Offset Voltage 

V C M = OV, 

Tj = 25°C 


±0.5 



±3.0 


mV 




Rs = 0, 
r l = co 

Tj = 70°C 


±2.0 


■ 

±5.0 


mV 

•os 

Maximum Input Offset Current 

Vcm = OV (Note 5) 

±50 





















•b 

Maximum Input Bias Current 




■ 

100 

200 







bhih 






26 

| 


Rin 

Input Resistance 


1011 






n 

VcM 

Input Common-Mode Voltage 
Range 


— 12 to 

+ 14 

±11 

■ 




9 

AvOL 

Minimum Large 

Using Pin 6 

v 0 = ±iov,r l = 2 kft 

300 

100 


300 

100 


BUI 


Signal Voltage 
Gain 

Using Pin 8 

v 0 = ± iov, r l = 6oon 

280 

100 


280 

100 


V/mV 

Vo 

Minimum Output 

Using Pin 6 

R l = 2 kft 

±12.5 

±12.0 


±12.5 

±12.0 


V 


Voltage Swing 

Using Pin 8 

Rl = 60on 







V 

isc 

Output 


Pulse Test 





25 



mA 


Short Circuit 

MIN Using Pin 6 




15 



15 


mA 


Current 

MAX Using Pin 6 




45 



45 


mA 

1 


MIN Using Pin 8 




100 



100 


mA 


Output 

Using Pin 6 

Open Loop, DC 




75 



n 


Resistance 

Using Pin 8 

Open Loop, DC 







ri 

CMRR 

Minimum DC Common Mode 
Rejection Ratio 

-11V <; V| N £ +11V 

100 

90 


100 

80 



PSRR 

Minimum DC Power Supply 

+ iov <; v+ 

£ + 15V, 









Rejection Ratio 


— 15V £ V- 
VcM = OV 

^ -10V, 

100 

90 


100 

80 


dB 

Is 

Maximum Supply Current 

v 0 = ov, r l 

= oo 

11.0 

13.0 


11.0 



mA 
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AC Electrical Characteristics <lf4ooamh, lf 4 oomh) 


The following specifications apply for V+ = + 15V, V - = -15V, and Tj = 25°C unless otherwise specified. 

Tested Limits in Boldface apply for Tj = -55°C to + 125 C 





LF400AMH 

LF400MH 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 


Settling Time to 0.01 % 

See Figure 1 

365 



365 



ns 


to 0.10% 

See Figure 1 

200 



200 



ns 

GBW 

Minimum Gain 

LL 

Q- 

O 

II 

_i 

o 

+ 

II 

< 

16 

14 


16 

14 


MHz 


Bandwidth Product 



10 



10 


MHz 

SR 

Minimum Slew Rate 

Ay — + 1 , Cj_ = 1 0 pF 

30 

27 


30 

27 


V/jus 



A v = — 1 , C|_ = 10 pF 

60 



60 



V/ JUS 


Phase Margin 

A v = + 1 , C[_ = 1 0 pF 

60 



60 



Degrees 

e n 

Input Noise Voltage 

f = 1 kHz, R s = 100n 

23 



23 



nV/Vfiz 



Broadband, Rs = 100fl, 
10 Hz to 10 kHz 

2.3 



2.3 



jitV rms 

■n 

Input Noise Current 

f = 1 kHz 

0.01 



0.01 



pA/VRz 



Broadband 

10 Hz to 10 kHz 

1.0 



1.0 



pA rms 

THD 

Total Harmonic Distortion 

f = 1 kHz, A v = -1, 

R L = 10k 

0.002 



0.002 



% 

C|N 

Input Capacitance 


7 



7 



PF 


DC Electrical Characteristics <lf4ooamh, lf4oomh) 

The following specifications apply for V+ = + 15V, V~ = -15V, and Tj = 25°C unless otherwise specified. 

Tested Limits in Boldface apply for Tj = -55°C to + 125°C. 


Symbol 

Parameter 

Conditions 

LF400AMH 

LF400MH 

Unit 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Vos 

Maximum Input 

Offset Voltage 

V C M = 0V, 
Rs = 0. 

R L = o° 

Tj = 25°C 


±0.5 



±3.0 


mV 



±2.0 



±5.0 


mV 

•os 

Maximum Input 

Offset Current 

Vcm = 0 V (Note 5) 

±50 

±100 

±15 


±50 

±100 

±25 


pA 

nA 

Ib 

Maximum Input 

Bias Current 

Vcm = 0V (Note 5) 

100 

200 

35 


100 

200 

50 


< < 
Q. C 

Rin 

Input Resistance 


1011 



ion 



Cl 

VcM 

Input Common-Mode 
Voltage Range 


— 12 to 

+ 14 

±11 


— 12 to 

+ 14 

±11 


V 

AvOL 

Minimum Large 
Signal Voltage 
Gain 

Using Pin 6 

V 0 = ± 10 V, R L = 2 kn 

300 

100 


300 

50 


V/mV 

Using Pin 8 

V 0 = ± 1 0V, R L = 600n 

280 

100 


280 

50 


V/mV 
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DC Electrical Characteristics (lf4ooamh, lf4oomh> 

The following specifications apply for V+ = + 15V, V - = -15V, and Tj = 25°C unless otherwise specified. 

Tested Limits in Boldface apply for Tj = -55°C to + 125 0. (Continued) 






LF400AMH 

LF400MH 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Vo 

Minimum Output 

Using Pin 6 

R L = 2k H 


±12.0 



±12.0 


V 


Voltage Swing 



±12.5 

±11.5 


±12.5 

±11.5 


V 



Using Pin 8 

R|_ = 600fl 

±12.0 

±11.0 


±12.0 

±11.0 


V 

Isc 

Output 


Pulse Test 

25 



25 



mA 


Short Circuit 

MIN Using Pin 6 



15 



15 


mA 


Current 

MAX Using Pin 6 



45 



45 


mA 



MIN Using Pin 8 



100 



ioo 


mA 

R o 

Output 

Using Pin 6 

Open Loop, DC 

75 



75 



f l 


Resistance 

Using Pin 8 

Open Loop, DC 

50 



50 



Cl 

CMRR 

Minimum DC Common Mode 

-iiv <; V| N <; +iiv 

100 

90 


100 

80 


dB 


(Rejection Ratio 




80 



75 


dB 

PSRR 

Minimum DC Power Supply 

+ iov <; v+ <; +15V, 

100 

90 


100 

80 


dB 


Rejection Ratio 


— 15V <; v- <; -lov, 

Vcm = ov 


85 



75 


dB 


Maximum Supply Current 

v 0 = ov, R l = oo 

11.0 

13.0 


11.0 

13.0 


mA 






13.0 



15.0 


mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are with respect to ground. 

Note 3: Unless otherwise specified, the Absolute Minimum Input Voltage is equal to the negative power supply voltage. 

Note 4: The maximum power dissipation must be derated at elevated temperatures as is dictated by Tjmax. 0ja. and the ambient temperature Ta- Oja for the 
LF400H is 1 50°C/W in free air, so a heat sink will generally be required when Ta is greater than about 70°C. 0 jc for the LF400H is 1 7°C/W, which dictates the use 
of a heat sink with Oqa less than about 35°C/W when Ta = + 125°C. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due to limited 
production test time, input bias currents are measured at Tj = 25°C. In normal operation the junction temperature rises above the ambient temperature as a result 
of internal power dissipation Pq. Use of a heat sink is recommended when input bias current must be minimized. 

Note 6: Typicals represent the most likely parametric norm. 

Note 7: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Human body model, 100 pF discharged through a 150011 resistor. 
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r VOLTAGE SWING FROM OV (V) 


Typical Performance Characteristics 


Inverter Settling Time 



SETTLING TIME (/xS) 


Bode Plot 



100 Ik 10k 100k 1M 10M 
FREQUENCY (Hz) 


0 



90 t 

□C 


135 

32 

Q. 

180 


Gain Bandwidth 

20 
18 
16 
14 
12 
10 
8 
6 

0 10 20 30 40 50 60 70 

JUNCTION TEMPERATURE (°C) 


vs Temperature 




Vs 

=±1 

)V 




































□ 











o 

> 


■n 

o 

o 



§ 


Slew Rate vs Temperature 



0 10 20 30 40 50 60 70 


Undistorted Output 
Voltage Swing 



Undistorted Output 


Voltage Swing 



AMBIENT TEMPERATURE (°C) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Distortion vs Frequency 



0<001 i i ilium i ilium uni 

10 1 10 2 10 3 10 4 10 5 


FREQUENCY (Hz) 


AC Common-Mode 
Rejection 



10 1 10 2 10 3 10 4 10 5 10 6 


FREQUENCY (Hz) 



FREQUENCY (Hz) 


AC Power Supply Rejection 



FREQUENCY (Hz) 


Equivalent Input 
Noise Voltage 



FREQUENCY (Hz) 


Common-Mode Input 
Voltage Range 



0 5 10 15 20 25 


± SUPPLY VOLTAGE (V) 



TL/H/9414-10 



ERROR VOLTAGE (5 mV/DIV) 



Vouf SWINGS FROM + 5VTQ -5V 
SEE SETTLING TEST CIRCUIT (FIGURE 1) 

Vs - 1 ± 15 V, ‘I 


lt«NSffB0l#-5VT0 + 5V 
' srrruMfi test circuit (figure i» 


iiS 

fl35t 


Input Bias Current 
vs Temperature 


DC Gain vs Supply Voltage 


TL/H/9414-11 


TL/H/9414-12 


Step Response 


TaI = 25®C 


Power Supply Current vs 
Power Supply Voltage 


0 25 5 7.5 10 125 15 175 20 

1 POWER SUPPLY VOLTAGE (V) 


Settling Time— Positive Output Swing 


Settling Time— Negative Output Swing 


TL/H/9414-13 


TIME (100 ns/DIV) 


TIME (100 ns/DIV) 


TIME (100 ns/DIV) 


TL/H/9414-14 


Typical Performance Characteristics (Continued) 


5 10 15 20 

± POWER SUPPLY VOLTAGE (V) 


0 10 20 30 40 50 60 70 

JUNCTION TEMPERATURE (°C) 


Output Voltage Swing 
vs Supply Voltage 


5 

5 10 15 20 

± POWER SUPPLY VOLTAGE (V) 



Typical Performance Characteristics (Continued) 


Step Response 



TIME (100 ns/DIV) 


TL/H/9414-15 


Voltage Transfer Characteristic 



-200 -150 -100 -50 0 50 100 150 200 


V|N (mV) 


TL/H/9414-16 


Voltage Transfer Characteristic 



0 50 100 

150 200 

-200 - 150 -100 50 0 50 

100 150 200 

Vin (mV) 


Vin (mV) 



, TL/H/9414-17 


TL/H/9414-18 
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Typical Performance Characteristics (Continued) 


150 

100 


s- 50 

=L 



- 100 
- 150 

-200 


-20 -15 10 -5 0 5 10 15 20 

INPUT COMMON-MODE VOLTAGE (V) 

TL/H/9414-19 



Common— Mode Voltage Transfer Characteristic 

200 


50 

0 

-50 


-100 


-150 


-4UU 


-20 -15 -10 -5 0 5 10 15 

INPUT COMMON-MODE VOLTAGE (V) 


TL/H/9414-20 


« T C ~ +135T 

T c - -MQ J C - 

t 

VJ C — 55°C 

M $ = ±15V 


Application Hints 

The LF400 is a high-speed, low input bias current Bi-FET 
operational amplifier capable of settling to 0.01% of a 10V 
output swing in less than 400 ns. The rugged JFET inputs 
allow differential input voltages as high as 32V without a 
large increase in input current. However, the inputs should 
never be driven to voltages lower than the negative supply, 
as this can result in input currents large enough to damage 
the device. To prevent this from occurring when power is 
first applied, always turn the positive and negative power 
supplies on simultaneously, or turn the negative supply on 
first. 

Exceeding the common-mode input range will not damage 
the device as long as the Absolute Maximum Ratings are 
not violated, but it will result in a high output voltage. Latch- 
ing will not occur, however, and when the offending signal is 
removed the LF400 will recover quickly. 

The nominal power supply voltage is +15V, but the LF400 
will operate satisfactorily from ± 1 0V to ±1 6V. The LF400 is 
functional down to ±5V, but performance will be degraded. 
(See Typical Performance curves.) 

Settling Time Considerations 

The settling performance of any high-speed operational am- 
plifier is highly dependent on the external components and 
circuit board layout. Capacitance between the amplifier 
summing junction and ground affects the closed-loop trans- 
fer function and should be minimized. The compensation 
capacitor Cc between the output and the inverting input 
should be carefully chosen to counteract the effect of the 


input capacitance. Since input capacitance is made up of 
several stray capacitances that are difficult to predict, the 
compensation capacitor will generally have to be deter- 
mined empirically for best settling time. A good starting 
point is around 10 pF for Ay = -1. 

Settling time may be verified using a circuit similar to the 
one in Figure 1. The LF400 is connected for inverting opera- 
tion, and the output voltage is summed with the input volt- 
age step. When the LF400’s output voltage is equal to the 
input voltage, the voltage on the gate of Q1 will be zero. Any 
voltage appearing at this point will represent an error. The 
FET source follower output is observed on an oscilloscope, 
and the settling time is equal to the time required for the 
error signal displayed on the oscilloscope to decay to less 
than one-half the necessary accuracy (see oscilloscope 
photos of “Settling Time-Positive Output Swing” and “Set- 
tling Time— Negative Output Swing”). For a 10V input sig- 
nal, settling time to 0.01 % (1 mV) will occur when the dis- 
played error is less than y 2 mV. Since settling time is strong- 
ly dependent on slew rate, settling will be faster for smaller 
signal swings. The LF400’s inverting slew rate is faster than 
its non-inverting slew rate, so settling will be faster for in- 
verting applications, as well. 

It is important to note that the oscilloscope input amplifier 
will be overdriven during a settling time measurement, so 
the oscilloscope must be capable of recovering from over- 
drive very quickly. Very few oscilloscopes are suitable for 
this sort of measurement. The signal generator used for set- 
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Application Hints (Continued) 


+5V 

-5V 



7 P F 



FIGURE 1. Simplified Settling Time Test Circuit (see Text) 


*C L £ 49 pF 


TL/H/9414-21 


tling time testing must be able to drive 50ft with a very clean 
+ 5V square wave. For more information on measuring set- 
tling time, see Application Note AN-428. 

Output Compensation 

When operating at very low temperatures, a compensation 
network should be added to the LF400’s output. The 1000/ 
22 pF network shown on the first page of this data sheet 
should be used when the junction temperature might reach 
25°C (roughly 0°C ambient when the LF400 is “warmed 
up”). In applications where the device will be operating with 
a junction temperature near 0°C, the output RLC network in 
Figure 1 should be used. This network will provide a small 
(about 20 ns) improvement in settling time at higher temper- 
atures, as well. 

Supply Bypassing 

Power supply bypassing is extremely important for good 
high-speed performance. Ideally, multiple bypass capacitors 
as in Figure 2 should be used. A 10 jaF tantalum, a 2.2 juF 
ceramic, and a 0.47 juF ceramic work well. All bypass ca- 
pacitor leads should be very short. For best results, the 
ground leads of the capacitors should be separated to re- 
duce the inductance to ground. A ground plane layout ap- 
proach will give the best results. For simplicity, bypass ca- 
pacitors have been omitted from some of the schematics in 
this data sheet, but they should always be used. 


0.47 /xF 
CERAMIC 



0.47 /iF 
CERAMIC 


TL/H/9414-22 

FIGURE 2. Power Supply Bypassing (see Text) 


Output Drive and Current Limit 

The LF400 can drive heavier resistive loads than most oper- 
ational amplifiers. The output at pin 6 is internally current- 
limited when the voltage drop across the 25ft output resis- 
tor reaches about 0.55V (loUT = 22 mA). When more out- 
put current is needed, pin 8 provides a means of increasing 
the maximum output current up to about 100 mA. A resistor 
may be connected from pin 8 to pin 6, paralleling the inter- 
nal sense resistor and increasing the current limit threshold 
{Figure 3). Pins 6 and 8 may be shorted together to com- 
pletely bypass the current limiting circuit. To avoid damaging 
the LF400, observe the power dissipation limitations men- 
tioned in the Absolute Maximum Ratings and in Note 4. 
The effective load impedance (including feedback resist- 
ance) should be kept above 500ft for fastest settling. Load 
capacitance should also be minimized if good settling time 
is to be optimized. Large feedback resistors will make the 
circuit more susceptible to stray capacitance, so in high- 
speed applications keep the feedback resistors in the 1 kft 
to 2 kft range wherever practical. Avoid the use of inductive 
feedback resistors (some wirewounds for example) as these 
will degrade settling time. 


_ 0.55V 

Limit R x //25fl 

TL/H/9414-23 

FIGURE 3. Increasing the current limit using pin 8. 
Current limit is now determined by Rx in parallel with 
the internal 25ft sense resistor. 

Vos Adjustment 

Offset voltage can be nulled using a 27k resistor and a 10k 
potentiometer connected to pins 1 and 5 as shown in Figure 
4a. Bypassing the V os adjust pins with 0.1 jllF capacitors will 
help to avoid noise pickup. When not used for offset adjust- 
ment, pins 1 and 5 can often be left open, but to minimize 
the possibility of noise pickup the unused V os trim pins 
should be connected to ground or V - . 
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Application Hints (Continued) 




FIGURE 4b. Automatic Offset 
Adjustment Using LMC669 


In very critical applications where a manual adjustment is 
impractical, the LMC669 Auto Zero circuit may be used to 
reduce the effective input offset voltage to around 5 juV as 
in Figure 4b. The LF400 will perform better than slower am- 
plifiers in an auto zero loop, because its fast settling capabil- 
ity keeps its summing node voltage more stable. Therefore, 
the LMC669 is able to more accurately sample the summing 
node voltage before making an offset correction. 

Input Bias Current 

The JFET input stage of the LF400 ensures low input bias 
current (200 pA maximum) when the die is at room tempera- 
ture, but this current approximately doubles for every 10°C 
increase in temperature. In applications that demand the 
lowest possible input bias current, a heat sink should be 
used with the LF400. “Press on” heat sinks from manufac- 
turers such as Thermalloy and AAVID can reduce junction 
temperature by roughly 10°C to 40°C. 

Typical Applications 


High-Speed DAC with Voltage Output 
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EJl National 
JSSt Semiconductor 


LF401/LF401 A Precision Fast Settling 
JFET Input Operational Amplifier 



BI-FET II Technology 


General Description 


Applications 


The LF401A is a fast settling (guaranteed under 400 ns to 
0.01% for a 10V output step) BI-FET operational amplifier. 
The input offset voltage of the LF401A is guaranteed less 
than 200 juV maximum at 25°C. The LF401 also features 16 
MHz bandwidth, 70 V/juls inverting slew rate and adjustable 
short circuit current limit, enabling it to drive 600ft loads 
easily. 


■ DAC output amplifiers 

■ Fast buffers 

■ High speed ramp generators 

■ Sample-and-holds 

■ Fast integrators 

■ Piezoelectric transducer signal conditioners 
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LF401/LF401A 


Absolute Maximum Ratings (Notes 1 & 2) 


If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (V+ - V - ) ±18V 

Differential Input Voltage ± 32 V 

Input Voltage Range (Note 3) ± 1 6V 

Output Short Circuit Duration (Pin 1 2) Continuous 


Power Dissipation (Note 4) D package 
Junction Temperature (Tjmax) 

Storage Temperature 

Lead Temperature (Soldering, 10 sec.) 

ESD Susceptibility (Note 1 0) 


500 mW 
1 15°C 

— 65°C to + 1 50°C 
+ 300°C 
500V 


Operating Ratings (Notes 1 & 2) 

Temperature Range Tmin ^ T a ^ t max 


LF401ACD, LF401CD 
Positive Supply Voltage 
Negative Supply Voltage 
Total Supply Voltage (V+ — V - ) 


0°C ^ T A ^ +70°C 
+ 10V to + 16V 
-10V to -16V 
20V to 32V 


AC Electrical Characteristics 

The following specifications apply for V+ = + 15V and V~ = -15V unless otherwise specified. Tested Limits in Boldface 
apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for T A = Tmin t max; other Design Limits are for T A = 
25°C; all other limits for Tj = 25°C. 




i 

LF401ACD 

LF401CD 


Symbol 

Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Unit 




(Note 6) 

(Note 7) 

(Note 8) 

(Note 6) 

(Note 7) 

(Note 8) 


ts 

Maximum Settling Time to 0.01 % 

See Figure 1, Cl ^ 50 pF 

335 

400 


335 

500 


ns 


to 0.10% 

See Figure 1, Cl ^ 50 pF 

200 



200 



ns 

GBW 

Minimum Gain Bandwidth Product 

A v = + 1 , Cl = 1 0 pF, 
f = 100 kHz 

16 

14 


16 

14 


MHz 

SR 

Minimum Slew Rate 

A v = + 1 , Cl = 1 0 pF 


27 



27 


V/jas 



A v = -1, C L = 10 pF 

70 



70 



V/jULS 

<f> 

Minimum Phase Margin 

Avol = + 1. Cl = 10 pF 

60 



60 



• 

e n 

input Noise Voltage 

f = 1 KHz, Rs = 100fl 

23 



23 



nVA/Hz 



Broadband, Rs = 100H, 
10 Hz to 10 kHz 

2.3 



2.3 



juiV rms 

■n 

Input Noise Current 

f = 1 kHz 

0.01 



0.01 



pA/VHi 



Broadband 

10 Hz to 10 kHz 

2.0 



2.0 



pA rms 

THD 

Total Harmonic Distortion (Max) 

f = 1 kHz, Av = -1, 

R l = 10k 

0.002 



0.002 



% 

CIN 

Input Capacitance 

Differential 

7 



7 



PF 
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DC Electrical Characteristics 

The following specifications apply for V+ = + 15V and V - = -15V unless otherwise specified. Tested Limits in Boldface 
apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for T A = Tmin to t maxJ other Design Limits are for Ta = 
25°C; all other limits for Tj = 25°C. 







LF401ACD 

LF401CD 


Symbol 

Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Unit 






(Note 6) 

(Note 7) 

(Note 8) 

(Note 6) 

(Note 7) 

(Note 8) 


V OS 

Maximum Input Offset Voltage 

Vcm = ov, 

T a = 25°C 


±200 



±500 


mV 


(Note 9) 


Rs = o, 

R L = o° 

T a = 70°C 


±600 



±1500 


MV 

>OS 

Maximum Input Offset Current 

Vcm = 0V, (Note 5) 


±100 

±400 


±100 

±400 

pA 










±2.5 



±2.5 

nA 

•b 

Maximum Input Bias Current 

Vcm = 0V, (Note 5) 


200 



200 


pA 











26 



26 

nA 

r in 

Input Resistance 

Tj = 25°C 

1011 



ion 



a 

Vcm 

Input Common-Mode Voltage 



+ 14/ — 12 

±11 


+ 14/ — 12 

±11 


V 


Range 











AvOL 

Minimum Large 

Using Pin 12 

V 0 = ± 10V, R L = 2 k a 

300 

100 


300 

100 


V/mV 


Signal Voltage 

Using Pin 14 

v 0 = ±iov, r l = 6 oon 

300 

100 


300 

100 


V/mV 


Gain 











Vo 

Minimum Output 

Using Pin 12 

r l = 2 ka 


±12.5 

±12 


±12.5 

±12 


V 


Voltage Swing 

Using Pin 14 

Rl = 600fl 


±12 

±11 


±12 

±11 


V 

•sc 

Output 

MIN Using Pin 12 




15 



15 


mA 


Short Circuit 

MAX Using Pin 12 




45 



45 


mA 


Current 

MIN Using Pin 14 

Pulse Test 



100 



100 


mA 

R o 

Output 

Using Pin 12 

Open Loop, DC 

75 



75 



a 


Resistance 

Using Pin 14 

Open Loop, DC 

50 



50 



a 

CMRR 

Minimum DC Common Mode 

-11V ^ V| N <; + 11V 

100 

90 


100 

80 


dB 


(Rejection Ratio 











PSRR 

Minimum DC Power Supply 

+ 10V <: V+ < + 15V, 

100 

90 


100 

80 


dB 


Rejection Ratio 


-15V <; v- 
VCM = 0V 

< -10V, 








Is 

Maximum Supply Current 

v 0 = ov, r l 

= oo 

9 

12 


9 

12 


mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are with respect to ground. 

Note 3: Unless otherwise specified, the Absolute Maximum Negative Input Voltage is equal to the negative power supply voltage. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja. and the ambient temperature Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax ~ t a)/ 0JA or 500 mW, whichever is less. 0 ja for the LF401D is typically 87°C/W. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due to limited 
production test time, input bias currents are measured at Tj = 25°C. In normal operation the junction temperature rises above the ambient temperature as a result 
of internal power dissipation Pq. Use of a heat sink is recommended when input bias current must be minimized. 

Note 6: Typicals represent the most likely parametric norm. 

Note 7: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Tested and correlated to a 10 minute warm up period. 

Note 10: Human body model, 100 pF discharged through a 1500ft resistor. 
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COMMON-MODE REJECTION RATIO (dB) TOTAL HARMONIC DISTORTION (%) SLEW RATE (V//is) OUTPUT VOLTAGE SWING FROM OV (V) 







ERROR VOLTAGE (5 mV/DIV) 



: 1 Voi| SWINGS FROM- + 5V TO - 5V t 
I J ; SEfSEJTING TEST CIRCUIT {FIGURE 1}' 


Vour SWINGS FROM + 5V TO - 5V 
SEE SETTING TEST CIRCUIT (FIGURE 1 ) 


± 1 5 V 


t WSE ~ 3°C 
T case - 32 C C & 85“C 


+ 1 

IQKft 
± 15V 


TcASE a= +45' , Cyij 
TCASE = + a5'H | 




ire; ^45°c. +85*c 


Typical Performance Characteristics (Continued) 

Output Voltage Swing DC Gain vs. 

vs. Supply Voltage Supply Voltage 


Input Bias Current 
vs. Temperature 


± POWER SUPPLY VOLTAGE (V) 


JUNCTION TEMPERATURE (°C) 


± POWER SUPPLY VOLTAGE (V) 


Power Supply Current vs. 
Power Supply Voltage 


± POWER SUPPLY VOLTAGE (V) 


TL/H/8839-5 


Settling Time — Positive Output Swing 


Settling Time-Negative Output Swing 


TL/H/8839-7 


TL/H/8839-6 


Step Response 


Step Response 


TL/H/8839-9 


TL/H/8839-22 
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Typical Performance Characteristics (Continued) 

Voltage Transfer Characteristic 


Voltage Transfer Characteristic 
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Common Mode Voltage 
Transfer Characteristic 
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TL/H/8839-1 1 
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Voltage Transfer Characteristic 
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Common Mode Voltage Transfer Characteristic 



COMMON MODE VOLTAGE (V) 



-200 -150 -100 -50 0 50 100 150 200 

Vin (fiV) TL/H/8839-10 



Application Hints 

The LF401 is a high-speed, low offset, low input bias current 
Bi-FET operational amplifier capable of settling to 0.01 % of 
a 10V output swing in less than 400 ns. Input offset voltage 
at room temperature is less than 200 jllV for LF401A. The 
rugged JFET inputs allow differential input voltages as high 
as 32V without a large increase in input current. However, 
the inputs should never be driven to voltages lower than the 
negative supply, as this can result in input currents large 
enough to damage the device. To prevent this from occur- 
ring when power is first applied, always turn the positive and 
negative power supplies on simultaneously, or turn the neg- 
ative supply on first. 

Exceeding the positive common-mode input range will not 
damage the device as long as the Absolute Maximum rat- 
ings are not violated, but if both inputs exceed the positive 
common-mode range the output voltage will go high. Latch- 
ing will not occur, however, and when the offending signal is 
removed the LF401 will recover quickly. 

The nominal power supply voltage is ±15V, but the LF401 
will operate satisfactorily from ± 10V to ± 16V. The LF401 is 
functional down to ±5V, but performance will be degraded 
at low supply voltages. (See Typical Performance curves.) 

SETTLING TIME CONSIDERATIONS 

The settling performance of any fast operational amplifier is 
highly dependent on the external components and circuit 
board layout. Capacitance between the amplifier summing 
junction and ground affects the closed-loop transfer func- 
tion and should be minimized. The compensation capacitor 
C c between the output and the inverting input should be 
carefully chosen to counteract the effect of the input capaci- 
tance. Since input capacitance is made up of several stray 
capacitances that are difficult to predict, the compensation 
capacitor will generally have to be determined empirically 
for best settling time. A good starting point is around 10 pF 
for A v = - 1 . 

Settling time may be verified using a circuit similar to the 
one in Figure 1. The LF401 is connected for inverting opera- 
tion, and the output voltage is summed with the input volt- 
age step. When the LF401’s output voltage is equal to the 
input voltage, the voltage on the gate of Q1 will be zero. Any 
voltage appearing at this point will represent an error. The 
FET source follower output is observed on an oscilloscope, 
and the settling time is equal to the time required for the 
error signal displayed on the oscilloscope to decay to less 
than one-half the necessary accuracy (see oscilloscope 
photos of “Settling Time — Positive Output Swing” and 
“Settling Time — Negative Output Swing”). For a 10V input 
signal, settling time to 0.01 % (1 mV) will occur when the 
displayed error is less than 1/2 mV. Since settling time is 
strongly dependent on slew rate, settling will be faster for 
smaller signal swings. The LF401’s inverting slew rate is 
faster than its non-inverting slew rate, so settling will be 
faster for inverting applications, as well. 

It is important to note that the oscilloscope input amplifier 
will be overdriven during a settling time measurement, so 


the oscilloscope must be capable of recovering from over- 
drive very quickly. Very few oscilloscopes are suitable for 
this sort of measurement. The signal generator used for set- 
tling time testing must be able to drive 500 with a very clean 
±5V square wave. For more information on measuring set- 
tling time, see Application Note AN-428. 

OUTPUT COMPENSATION 

When operating at very low temperatures, a compensation 
network should be connected to the LF401’s “raw” output 
pin. The 1000/22 pF network shown on the first page of 
this data sheet should be connected to pin 14 in applica- 
tions where the junction temperature might go as low as 
25°C (roughly 0°C ambient when the LF401 is “warmed 
up”). In applications where the device will be operating with 
a junction temperature down to 0°C, the output RLC net- 
work in Figure 1 should be used. This network will provide a 
small (about 20 ns) improvement in settling time at higher 
temperatures, as well. 



FIGURE 1. Simplified Settling 
Time Test Circuit (See Text) 



FIGURE 2. Power Supply Bypassing (See Text) 
SUPPLY BYPASSING 

Power supply bypassing is extremely important for good 
high-speed performance. Ideally, multiple bypass capacitors 
as in Figure 2 should be used. A 10 juF tanatalum, a 2.2 juF 
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Application Hints (Continued) 

ceramic, and a 0.47 /xF ceramic work well. All bypass ca- 
pacitor leads should be very short. For best results, the 
ground leads of the capacitors should be separated to re- 
duce the inductance to ground. A ground plane layout ap- 
proach will give the best results. For simplicity, bypass ca- 
pacitors have been omitted from some of the schematics in 
this data sheet, but they should always be used. 

Pins 5 through 10 are used to trim the LF401’s input offset 
voltage during the manufacturing process. Always leave 
pins 7 through 10 open, as signals applied to these pins will 
affect the amplifier output and can permanently degrade 
V os . For fastest settling time to 0.01 %, pins 5 and 6 should 
be bypassed to pin 4 with 0.1 juF capacitors; otherwise, the 
LF401 may take an additional 600 ns to settle. The bypass 
capacitors should be low-leakage film types; otherwise the 
offset voltage can be increased. Settling time to 0.1% will 
be unaffected by bypassing these pins, so they may be left 
unconnected in applications requiring less precision. 

OUTPUT DRIVE AND CURRENT LIMIT 

The LF401 can drive heavier resistive loads than most oper- 
ational amplifiers. The output at pin 12 is internally current- 
limited when the voltage drop across the 25ft output resis- 
tor reaches about 0.55V (l out = 22 mA). When more output 
current is needed, pin 14 provides a means of increasing 
the maximum output current up to about 1 00 mA. A resistor 
may be connected from pin 12 to pin 14, paralleling the 
internal sense resistor and increasing the current limit 
threshold {Figure 3). Pins 12 and 14 may be shorted togeth- 
er to completely bypass the current limiting circuit. To avoid 
damaging the LF401 , observe the power dissipation limita- 
tions mentioned in the Absolute Maximum Ratings and in 
Note 4. 



TL/H/8839-18 

FIGURE 3. Increasing the current limit using pin 14. 
Current limit is now determined by R x in parallel with 
the internal 25 ft sense resistor. 


The effective load impedance (including feedback resist- 
ance) should be kept above 500ft for fastest settling. Load 
capacitance should also be minimized if good settling time 
is to be optimized. Large feedback resistors will make the 
circuit more susceptible to stray capacitance, so in high- 
speed applications keep the feedback resistors in the 1 k to 
2 kft range wherever practical. Avoid the use of inductive 
feedback resistors (some wirewounds for example) as these 
will degrade settling time. 

V os ADJUSTMENT 

Offset voltage can be nulled using a 27k resistor and a 10k 
potentiometer connected to pins 1 and 1 1 as shown in Fig- 
ure 4a. Bypassing the V os adjust pins with 0.1 jllF capacitors 
will help to avoid noise pickup. When not used for offset 
adjustment, pins 1 and 11 can often be left open, but to 
minimize the possibility of noise pickup the unused V os trim 
pins should be connected to ground or V - . 

In very critical applications where a manual adjustment is 
impractical, the LMC669 Auto Zero circuit may be used to 
reduce the effective input offset voltage to around 5 j uV as 
in Figure 4b. The LF401 will perform better than slower am- 
plifiers in an auto zero loop, because its fast settling capabil- 
ity keeps its summing node voltage more stable. Therefore, 
the LMC669 is able to more accurately sample the summing 
node voltage before making an offset correction. 

INPUT BIAS CURRENT 

The JFET input stage of the LF401 ensures low input bias 
current (200 pA maximum) when the die is at room tempera- 
ture, but this current approximately doubles for every 10°C 
increase in temperature. In applications that demand the 
lowest possible input bias current, a heat sink should be 
used with the LF401. “Slide on” heat sinks such as the 
AAVID 5602B can reduce the junction temperature by about 
10°C. 
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Application Hints (Continued) 


V + 

| 27 kn 



V” 

TL/H/8839-19 

FIGURE 4a. V os Adjust Circuit 



TL/H/8839-20 

FIGURE 4b. Automatic Offset Adjustment Using LMC669 

Typical Applications 

High-Speed DAC with Voltage Output 
(See Figure 2 for Recommended Bypass Components) 
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J 33 National 
JtSt Semiconductor 

LF41 1 A/LF41 1 Low Offset, Low Drift 
JFET input Operational Amplifier 



General Description 

These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF41 1 is pin compatible with the standard LM741 allowing 
designers to immediately upgrade the overall performance 
of existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. 


Features 


■ Internally trimmed offset voltage 

0.5 mV(max) 

B Input offset voltage drift 

10 jwV/°C(max) 

fl Low input bias current 

50 pA 

b Low input noise current 

0.01 pAA/Rz 

B Wide gain bandwidth 

3 MHz(min) 

B High slew rate 

10V/jns(min) 

fl Low supply current 

1.8 mA 

a High input impedance 

1012ft 

B Low total harmonic distortion Ay =10, 

<0.02% 

R L =10k, V o = 20 Vp-p, BW = 20 Hz- 

20 kHz 

m Low 1 /f noise corner 

50 Hz 

a Fast settling time to 0.01 % 

2 jxs 


Typical Connection 

"( 



TL/H/5655-1 

Simplified Schematic 


Ordering Information 

LF411XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 
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Connection Diagrams 

Metal Can Package 


NC 



TL/H/5655-5 

Top View 

Note: Pin 4 connected to case. 

Order Number LF41 1 AMH, 

LF41 1 MH, LF41 1 ACH or LF411CH 
See NS Package Number H08B 


Dual-In-Line Package 



Order Number 
LF411ACN or LF411CN 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, H Package N Package 

please contact the National Semiconductor Sales Power Dissipation 


Office/Distributors for availability and specifications. 

(Notes 2 and 9) 

670 mW 

670 mW 

(Note 8) 



Tjmax 

150°C 

1 15°C 


LF411A 

LF411 

0jA 

1 62°C/W (Still Air) 

120°C/W 

Supply Voltage 

±22V 

± 1 8V 


65°C/W (400 LF/min 


Differential Input Voltage 

±38V 

±30V 


Air Flow) 


Input Voltage Range 



ep 

20°C/W 


(Note 1) 

± 19V 

± 1 5V 

Operating Temp. 



Output Short Circuit 



Range 

(Note 3) 

(Note 3) 

Duration 

Continuous 

Continuous 

Storage Temp. 






Range 

-65°C^T A <M50°C 

-65°C£T A £150 C 




Lead Temp. 






(Soldering, 10 sec.) 260°C 

260°C 




ESD rating to be determined. 



DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

LF411A 

LF411 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s = 10 kH, T a = 25°C 


0.3 

0.5 


0.8 

2.0 

mV 

AVos/AT 

Average TC of Input 
Offset Voltage 

R s =10ka (Note 5) 


7 

10 


7 

20 

(Note 5) 

jllV/°C 

■os 

Input Offset Current 

V s = ± 1 5V 
(Notes 4, 6) 

Tj = 25°C 


25 

100 


25 

100 

pA 

Tj = 70°C 



2 



2 

nA 

Tj = 125°C 



25 



25 

nA 

■b 

Input Bias Current 

V s = ±15V 
(Notes 4, 6) 

Tj = 25°C 


50 

200 


50 

200 

pA 

Tj = 70°C 



4 



4 

nA 

Tj= 125°C 



50 



50 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


n 

AvOL 

Large Signal Voltage 
Gain 

V s = ± 15V, V 0 = ± 10V, 

R L = 2k, T a = 25°C 

50 

200 


25 

200 


V/mV 

Over Temperature 

25 

200 


15 

200 


V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R L = 1 0k 

±12 

±13.5 


±12 

±13.5 


V 

V CM 

Input Common-Mode 
Voltage Range 


±16 

+ 19.5 


±11 

+ 14.5 


V 


-16.5 



-11.5 


V 

CMRR 

Common-Mode 
Rejection Ratio 

R s ^10k 

80 

100 


70 

100 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

100 


dB 

■s 

Supply Current 



1.8 

2.8 


1.8 

3.4 

mA 


AC Electrical Characteristics (Note 4) 



3-77 


LF411A/LF411 




LF411A/LF411 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA. 

Note 3: These devices are available in both the commercial temperature range 0 °C^Ta^ 70°C and the military temperature range -55 °C^Ta^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” 
indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 4: Unless otherwise specified, the specifications apply over the full temperature range and for Vs= +20V for the LF41 1 A and for Vs= ± 1 5V for the LF41 1 . 
Vos> >B> and los are measured at Vcm = 0 - 

Note 5: The LF41 1 A is 100% tested to this specification. The LF41 1 is sample tested to insure at least 90% of the units meet this specification. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA+0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from 
± 1 5V to ± 5V for the LF41 1 and from ± 20V to ± 5V for the LF41 1 A. 

Note 8: Refer to RETS 411 AX for LF411AMH military specifications and to RETS 41 IX for LF411MH military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 


Typical Performance Characteristics 


Input Bias Current 


V S = ±15V 






Ta = 

25° 
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-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 



0 10 20 30 40 


POSITIVE SUPPLY 
VOLTAGE (V) 


NEGATIVE SUPPLY 
VOLTAGE (V) 


OUTPUT SOURCE 
CURRENT (mA) 



0 10 20 30 40 

OUTPUT SINK CURRENT (mA) 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



0.1 1 10 
Rl-OUTPUT LOAD (kft) 

TL/H/5655-2 
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Typical Performance Characteristics (Continued) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Bode Plot 



0.1 1 10 100 


FREQUENCY (MHz) 


26 
24 
22 
20 
18 
16 
14 
12 
10 

-50 -25 0 25 50 75 100 125 

TEMPERATURE ( = C) 


Slew Rate 



Distortion vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 



Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply 




100 Ik 10k 100k 

FREQUENCY (Hz) 


Open Loop Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



Inverter Settling Time 



0 1 1 10 
SETTLING TIME ( M s) 


TL/H/5655-3 
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Pulse Response R L =2k«,c L iopF 


Small Signal Inverting 


Small Signal Non-Inverting 



TIME (0.2 / 4 S/DIV) 


Large Signal Inverting 


Large Signal Non-Inverting 




Current Limit (Rl= 100H) 



Application Hints 

The LF411 series of internally trimmed JFET input op amps 
(BI-FET IITM) provide very low input offset voltage and guar- 
anteed input offset voltage drift. These JFETs have large 
reverse breakdown voltages from gate to source and drain 
eliminating the need for clamps across the inputs. There- 
fore, large differential input voltages can easily be accom- 
modated without a large increase in input current. The maxi- 
mum differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 


Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier may be 
forced to a high state. 
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Application Hints (Continued) 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The LF41 1 is biased by a zener reference which allows nor- 
mal circuit operation on ±4.5V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The LF411 will drive a 2 kH load resistance to +10V over 
the full temperature range. If the amplifier is forced to drive 
heavier load currents, however, an increase in input offset 
voltage may occur on the negative voltage swing and finally 
reach an active current limit on both positive and negative 
swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Typical Applications 

Ultra High Speed 


Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency, a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 

Current Booster 


Ik 

AAA 

15V 

9 


ik iok 

15pF^~ 


PNP=2N2905 

NPN = 2N2219 unless noted 

TO-5 heat sinks for Q6-Q7 



TL/H/5655-9 
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Typical Applications (Continued) 

10-Bit Linear DAC with No Vqs Adjust 

MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



(A1 A2 A3 

Vout - -Vref y y + T + T 

-lov <; Vref £ iov 

1023 

Vout ^-77^ Vref 


A10 \ 
1024/ 


where A N = 1 if the An digital input is high 
An= 0 if the An digital input is low 


Single Supply Analog Switch with Buffered Output 



Detailed Schematic 
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National 

Semiconductor 


LF412A/LF412 Low Offset, Low Drift 
Dual JFET Input Operational Amplifier 


General Description 

These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. 
LF412 dual is pin compatible with the LM1558, allowing de- 
signers to immediately upgrade the overall performance of 
existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. 


Features 


Internally trimmed offset voltage 

1 mV (max) 

Input offset voltage drift 

10 jwV/°C (max) 

Low input bias current 

50 pA 

Low input noise current 

0.01 pAA/Rz 

Wide gain bandwidth 

3 MHz (min) 

High slew rate 

IOV/jlis (min) 

Low supply current 

1.8 mA/Amplifier 

High input impedance 

10i2n 

Low total harmonic distortion Ay =10, 

^0.02% 

Rl_= 10k, V o = 20 Vp-p, BW = 20 Hz-20 kHz 

Low 1/f noise corner 

50 Hz 

Fast settling time to 0.01 % 

2 fis 


Typical Connection 



Ordering Information 

LF412XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 


Connection Diagrams 


Metal Can Package 



Simplified Schematic 


1/2 Dual 



Note. Pin 4 connected to case. 

TOP VIEW 

Order Number LF412AMH, 
LF412MH, LF412ACH or LF412CH 
See NS Package Number H08B 

Dual-In-Line Package 


v 0 



- v + 


■ INVERTING INPUT B 


NON-INVERTING 
' INPUT B 


TL/H/5656-1 

Order Number LF412ACJ, LF412CJ, 
LF412ACN or LF412CN 
See NS Package Number J08A or N08E 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
Distributors for availability and specifications. 


(Note 9) 

LF412A LF412 

Supply Voltage ± 22 V ± 1 8V 

Differential Input Voltage +38V ±30V 

Input voltage Range 

(Note 1) ±19V ±15V 

Output Short Circuit 

Duration (Note 2) Continuous Continuous 


DC Electrical Characteristics (Notes) 


please contact the National Semiconductor Sales Office/ 


Power Dissipation (Note 10) 

Tj max 

0jA (Typical) 

Operating Temp. Range 
Storage Temp. 

Range 
Lead Temp. 

(Soldering, 10 sec.) 

ESD rating to be determined. 


N Package 

670 mW 


H Package 

(Note 3) 

150°C 1 15°C 

1 52°C/W 115°C/W 

(Note 4) (Note 4) 

- 65°C <; T A <; 1 50°C - 65°C <; T A <n 50°C 


260° C 


260°C 


Symbol 

Parameter 

Conditions 

LF412A 

LF412 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

v os 

Input Offset Voltage 

R s = 10kn,T A = 25°C 


0.5 

1.0 


1.0 

3.0 

mV 

AVqs/AT 

Average TC of Input 
Offset Voltage 

Rs = 10 kfi (Note 6) 


7 

10 


7 

20 

(Note 6) 


>OS 

Input Offset Current 

V s = +15V 
(Notes 5 and 7) 

Tj=25°C 


25 

100 


25 

100 

e3 

Tj=70°C 



2 



2 

nA 

Tj=125°C 



25 



25 

nA 

>B 

Input Bias Current 

V s = +15V 
(Notes 5 and 7) 

Tj = 25°C 


50 

200 


50 

200 

pA 

Tj=70°C 



4 



4 

nA 

Tj=125°C 



50 



50 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


a 

Avol 

Large Signal Voltage 
Gain 

V S =±15V, V 0 = ± 10V, 

R L =2k, T a = 25°C 

50 

200 


25 

200 



Over Temperature 

25 

200 


15 

200 


V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R L = 10k 

±12 

±13.5 


±12 

±13.5 


V 

VcM 

Input Common-Mode 
Voltage Range 


±16 

+ 19.5 


±11 

+ 14.5 


V 





-11.5 


V 

CMRR 

Common-Mode 
Rejection Ratio 

R s ^10k 

80 

100 


70 

100 



PSRR 

Supply Voltage 
Rejection Ratio 

(Note 8) 

80 

100 


70 

100 


dB 

Is 

Supply Current 

V 0 = OV, R L = oo 



EZ3 


3.6 

6.5 

mA 


AC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 


LF412 









Amplifier to Amplifier 
Coupling 

T a = 25°C, f = 1 Hz-20 kHz 
(Input Referred) 

■ 





i 


SR 

Slew Rate 

V s =±15V,T a = 25°C 

a 

15 


8 



V/JLIS 

GBW 

Gain-Bandwidth Product 

V s =±15V,T a = 25°C 

3 

4 

SH^ 

Q 

4 


MHz 

e n 

Equivalent Input Noise 
Voltage 

T a = 25°C, R s =100n, 
f=1 kHz 



■ 

■ 


■ 

nVA/Hz 

•n 

Equivalent Input Noise 
Current 

T A = 25°C, f = 1 kHz 


0.01 





pA/Vfiz 
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Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefintely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA- 

Note 4: These devices are available in both the commercial temperature range 0 °C^Ta^ 70°C and the military temperature range -55 9 C^Ta^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A "C" indicates the commercial temperature range and an "M" 
indicates the military temperature range. The military temperature range is available in "H” package only. In all cases the maximum operating temperature is limited 
by internal junction temperature Tj max. 

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vs= ±20V for the LF412A and for Vs= ±15V for the LF412. 
Vos. Ib> ar >d los are measured at Vcm = 0. 

Note 6: The LF412A is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 85% of the amplifiers meet this 
specification. 

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pp. Tj=Ta + 8ja Pd where 0 ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 

V S = ±6V to ± 15V. 

Note 9: Refer to RETS412AX for LF412AMH military specifications and to RETS412X for LF412MH military specifications. 

Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 


Typical Performance Characteristics 

Input Bias Current Input Bias Current 



Input Bias Current 



vs = 

±15V 







— 

Ta= 

25° 







« 










;r ik 

z 









2 

OB 

£§ 60 
a 







— 

5^ 

a 

O 4nn 

3 40 









C/3 100 

CO 









CO 

H- 

1 20 









1 10 


-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 


4.8 












E 






z 40 






cc 






a 

« <] c 





00 1/ 

8: 






a 

80 3.2 

J 




"25°C 







2.8 

j 

-J 



125°C 


0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 

I -55°CsTas125°C I I I I I 


Negative Common-Mode 
Input Voltage Limit 

|-55°CsTas125°C I I I I I 


Positive Current Limit 
' KL I I I I v$±i5v | 


10 15 20 25 

POSITIVE SUPPLY 
VOLTAGE (V) 


0 -5 -10 -15 - 

NEGATIVE SUPPLY 
VOLTAGE (V) 


0 10 20 30 40 

OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 

FfeQ "! I vs=±isvl 


10 20 30 

OUTPUT SINK CURRENT (mA) 


Output Voltage Swing 



5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



Rl-OUTPUT LOAD (kfl) 
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LF412A/LF412 



SUPPLY VOLTAGE (±V) 

FREQUENCY (Hz) 

SETTLING TIME (//S) 



TL/H/5656-3 





Pulse Response R L =2kn,c L =io P F 

Small Signal Inverting 



TIME (0.2^s/DIV) 


Large Signal Inverting 



TIME (2/^s/DIV) 


Small Signal Non-Inverting 



TIME (0.2/xS/DIV) 


Large Signal Non-Inverting 



TIME (2 /iS/DIV) 



Application Hints 

The LF412 series of JFET input dual op amps are internally 
trimmed (BI-FET I|tm) providing very low input offset volt- 
ages and guaranteed input offset voltage drift. These JFETs 
have large reverse breakdown voltages from gate to source 
and drain eliminating the need for clamps across the inputs. 
Therefore, large differential input voltages can easily be ac- 
commodated without a large increase in input current. The 
maximum differential input voltage is independent of the 
supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 


Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output, however, if both 
inputs exceed the limit, the output of the amplifier may be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 
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LF412A/LF412 


Application Hints (Continued) 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6.0V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kfl load resistance to ± 1 0V 
over the full temperature range. If the amplifier is forced to 
drive heavier load currents, however, an increase in input 
offset voltage may occur on the negative voltage swing and 
finally reach an active current limit on both positive and neg- 
ative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 


As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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LF441A/LF441 


523 National 
mjM Semiconductor 

LF441A/LF441 Low Power JFET 
Input Operational Amplifier 



BI-FET II Technology 


General Description 

The LF441 A/441 low power operational amplifier provides 
many of the same AC characteristics as the industry stan- 
dard LM741 while greatly improving the DC characteristics 
of the LM741 . The amplifier has the same bandwidth, slew 
rate, and gain (10 k ft load) as the LM741 and only draws 
one tenth the supply current of the LM741. In addition, the 
well matched high voltage JFET input devices of the 
LF441 A/441 reduce the input bias and offset currents by a 
factor of 10,000 over the LM741. A combination of careful 
layout design and internal trimming guarantees very low in- 
put offset voltage and voltage drift. The LF441 A/441 also 
has a very low equivalent input noise voltage for a low pow- 
er amplifier. 

The LF441 A/441 is pin compatible with the LM741 , allowing 
an immediate 10 times reduction in power drain in many 
applications. The LF441 A/441 should be used where low 


power dissipation and good electrical characteristics are the 
major considerations. 

Features 

■ 1/10 supply current of a LM741 

■ Low input bias current 

■ Low input offset voltage 

■ Low input offset voltage drift 

■ High gain bandwidth 

■ High slew rate 

■ Low noise voltage for low power 

■ Low input noise current 

■ High input impedance 

■ High gain Vq = ±10V, Rl = 10k 


200 ju.A (max) 
50 pA (max) 
0.5 mV (max) 
10 juA//°C (max) 
1 MHz 
1 V/jns 
35 nV/v/Hz 
0.01 pA/v/Hz 

1012a 

50k (min) 


Typical Connection 

R f 



Ordering Information 

LF441XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, 

“C” for commercial 
Z indicates package type 
“H” or “N” 


Connection Diagrams 

Metal Can Package 

NC 



Note: Pin 4 connected to case. 

Order Number LF441AMH or LF441CH 
See NS Package Number H08B 


Dual-In-Line Package 



NC 

V + 

OUTPUT 

BALANCE 

TL/H/9297-4 


Order Number LF441ACN, LF441CJ, 
LF441CM or LF441CN 


See NS Package Number J08A, M08A or N08E 


3-90 




Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


LF441A 

±22 V 
±38V 


Supply Voltage 
Differential Input Voltage 

Power Dissipation 
(Notes 2 and 9) 

Tj max 
0 jA (Typical) 

Board Mount in still air 
Board Mount in 400 LF/ 
min airflow 

0jC 

Operating Temp. Range 
Storage Temp. Range 
Lead Temperature 
(Soldering, 10 seconds) 

0jC 

Soldering Information 
Dual-ln-Line Package 
Soldering (10 sec.) 

Small Outline Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 


DC Electrical Characteristics (Note 4) 


Input Voltage Range 
(Note 1 ) 

Output Short Circuit 
Duration 


H Package 

670 mW 


165°C/W 

65°C/W 

25°C/W 
(Note 3) 

-65°C <; T a ^ 150°C 
300°C 


J Package 


N Package 

670 mW 

115°C 

130°C/W 


(Note 3) 

— 65°C <: T A <; 150°C 
260°C 


M Package 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 



H 


LF441A/LF441 
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DC Electrical Characteristics (Note 4) (continued) 


Symbol 

Parameter 

Conditions 

LF441A 

LF441 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

90 


dB 

is 

Supply Current 



150 

200 


150 

250 

jiiA 


AC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

| LF441A 

LF441 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

SR 

Slew Rate 

V s = ± 15V, T a = 25°C 

0.8 

1 


0.6 

1 


V/jLLS 

GBW 

Gain-Bandwidth Product 

V s = ± 15V, T a = 25°C 

0.8 

1 


0.6 

1 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = loon, 
f = 1 kHz 


35 



35 


nV/VHz 

•n 

Equivalent Input Noise Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pA/VHz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0 ja- 

Note 3: The LF441A is available in both the commercial temperature range 0°C £ T A £ 70°C and the military temperature range -55°C ^ Ta ^ 125°C. The 
LF441 A/441 is available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device 
number. A “C" indicates the commercial temperature range and an ”M” indicates the military temperature range. The military temperature range is available in “H” 
package only. 

Note 4: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ± 20V for the LF441 A and for Vs = ± 1 5V for the LF441 . 

Vos. Ib> and los are measured at Vqm = °- 

Note 5: The LF441A is 100% tested to this specification. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pd‘. Tj = Ta + 0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From 
± 1 5V to ± 5V for the LF441 and from ± 20V to ± 5V for the LF441A. 

Note 8: Refer to RETS441AX for LF441AMH military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 


Typical Performance Characteristics 




Supply Current 


-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 


Positive Common-Mode 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Negative Common-Mode 


— 180 
170 

5 160 
1 150 
£ 140 
| 130 
*° 120 
110 
100 




























—5 

5°( 

5°C 


















W 





. 





J 





25' 

c_ 







J 





















_ 










o 

» 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Positive Current Limit 



0 5 10 15 20 25 

POSITIVE SUPPLY VOLTAGE (V) 


-5 -10 -15 -20 -25 

NEGATIVE SUPPLY VOLTAGE (V) 


0 1 2 3 4 5 6 7 8 

OUTPUT SOURCE CURRENT (mA) 

TL/H/9297-5 
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Typical Performance Characteristics (Continued) 


Negative Current Limit 



0 5 10 15 20 25 

OUTPUT SINK CURRENT (mA) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Distortion vs Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Common-Mode 


Rejection Ratio 



FREQUENCY (Hz) 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



1 10 100 
Rl-OUTPUT LOAD (kn) 



I 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Undistorted Output 
Voltage Swing 



Ik 10k 100k 

FREQUENCY (Hz) 


b _ 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply 
Rejection Ratio 



0 I 1 1 1 

10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Equivalent Input 
Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


TL/H/9297-6 



3-93 


LF441A/LF441 




LF441A/LF441 


Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain 


Output Impedance 


s 

U 

UJ 

§ 100k 


MMNC 







■jjjj 



55 

B 

B 

ssi 

a 




a 


■i 

ai 


■ 


■ 

■ 

s 

§§ 



=== 

!== 

s= 


as 



Si 

55 

m 






fi 



m 

'91 

■ 

■ 



9 

■ 


5 10 15 20 

SUPPLY VOLTAGE (±V) 



Simplified Schematic 


Inverter Settling Time 



TL/H/9297-7 



TL/H/9297-3 


Pulse Response r l = iokac L = iopF 

Small Signal Inverting 



TIME (0.5 ms/DIV) 


TL/H/9297-8 
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Pulse Response Rl = 10kn,C L = 10pF (Continued) 

Small Signal Non-Inverting 


TIME (0.5 /xS/DIV) 

TL/H/9297-9 

Large Signal Inverting 


TIME (10 /iS/DIV) 


TL/H/9297-10 


Large Signal Non-Inverting 


TIME (10 ptS/DIV) 

TL/H/9297-1 1 


GO . . 


2 5 
b > 

o E 
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Application Hints 

This device is a low power op amp with an internally 
trimmed input offset voltage and JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain, eliminating the need 
for clamps across the inputs. Therefore, large differential 
input voltages can easily be accommodated without a large 
increase in input current. The maximum differential input 
voltage is independent of the supply voltages. However, nei- 
ther of the input voltages should be allowed to exceed the 
negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The amplifier is biased to allow normal circuit operation with 
power supplies of ±3V. Supply voltages less than these 
may degrade the common-mode rejection and restrict the 
output voltage swing. 


The amplifier will drive a 10 ka load resistance to ±10V 
over the full temperature range. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket, as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because this amplifier is a JFET rather than MOSFET input 
op amp it does not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting input 
to AC ground) set the frequency of this pole. In many in- 
stances the frequency of this pole is much greater than the 
expected 3 dB frequency, of the closed loop gain and con- 
sequently there is negligible effect on stability margin. How- 
ever, if the feedback pole is less than approximately 6 times 
the expected 3 dB frequency, a lead capacitor should be 
placed from the output to the input of the op amp. The value 
of the added capacitor should be such that the RC time 
constant of this capacitor and the resistance it parallels is 
greater than or equal to the original feedback pole time con- 
stant. 


Detailed Schematic 
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National 

Semiconductor 



LF442A/LF442 Dual L©i 
JFET Input Operational 


General Description 

The LF442 dual low power operational amplifiers provide 
many of the same AC characteristics as the industry stan- 
dard LM1458 while greatly improving the DC characteristics 
of the LM1458. The amplifiers have the same bandwidth, 
slew rate, and gain (10 kO load) as the LM1458 and only 
draw one tenth the supply current of the LM1458. In addi- 
tion the well matched high voltage JFET input devices of the 
LF442 reduce the input bias and offset currents by a factor 
of 10,000 over the LM1458. A combination of careful layout 
design and internal trimming guarantees very low input off- 
set voltage and voltage drift. The LF442 also has a very low 
equivalent input noise voltage for a low power amplifier. 
The LF442 is pin compatible with the LM1458 allowing an 
immediate 10 times reduction in power drain in many appli- 
cations. The LF442 should be used where low power dissi- 
pation and good electrical characteristics are the major con- 
siderations. 


BI-FET 11 Technology 


Features 

a y 10 supply current of a LM1458 400 juA (max) 

a Low input bias current 50 pA (max) 

a Low input offset voltage 1 mV (max) 

□ Low input offset voltage drift 10 jtxV/°C (max) 

a High gain bandwidth 1 MHz 

a High slew rate 1 V/ jus 

a Low noise voltage for low power 35 nV/VRz 

d Low input noise current 0.01 pAA/Hz 

a High input impedance 10 12 fl 

a High gain Vq = ±10V, = 10k 50k (min) 


Typical Connection Ordering Information 


grams 



Metal Can Package 


X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 


NON-INVERTING (3 
INPUT A V- 



N0N-INVERTING 
INPUT B 


Simplified Schematic 



Top View 

Note: Pin 4 connected to case 

Order Number LF442AMH, LF442ACH 
or LF442CH 

See NS Package Number H08B 
Dual-In-Line Package 


INVERTING INPUT A 


NON-INVERTING 
INPUT A 



5 NON-INVERTING 
INPUT B 


Top View 

Order Number LF442CJ, LF442ACN or LF442CN 
See NS Package Number J08A or N08E 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 9) 



LF442A 

LF442 

Supply Voltage 

±22 V 

± 18V 

Differential Input Voltage 

±38V 

±30V 

Input Voltage Range 
(Note 1) 

±19V 

± 15V 

Output Short Circuit 
Duration (Note 2) 

Continuous 

Continuous 


Tj max 
0JA (Typical) 

(Note 3) 

(Note 4) 

0JC (Typical) 

Operating Temperature 
Range 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 seconds) 


H Package 

150°C 

65°C/W 
165°C/W 
21°C/W 
(Note 4) 

-65°C<;Ta£ 150*0 
260°C 


N Package 

115°C 

1 1 4°C/W 
1 52°C/W 

(Note 4) 

-65°C^T a ^150°C 

260°C 


ESD rating to be determined. 


DC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF442A 

LF442 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s = 10kn,T A = 25°C 


0.5 

1.0 


1.0 

5.0 

mV 

Over Temperature 






L™ 

mV 

AVos/AT 

Average TC of Input 
Offset Voltage 

R s = 10 kn 


7 


■ 

a 

■ 

julV/°C 

los 

Input Offset Current 

V s = ± 15V 
(Notes 6 and 7) 

Tj = 25°C 


5 

El 


5 

50 

pA 

Tj = 70°C 



mm 




nA 

Tj = 125°C 



IB 




nA 

Ib 

Input Bias Current 

V s = ± 15V 
(Notes 6 and 7) 








pA 




B 



3 

nA 

Tj = 125°C 







nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


a 

Avol 

Large Signal Voltage 
Gain 

V s = ± 15V, V 0 = ± 10V, 

R l = 10kn,T A = 25°C 

50 

200 


25 

200 


V/mV 

Over Temperature 

25 

200 


15 

200 


V/mV 

Vo 

Output Voltage Swing 

V s = +15V, R l = 10 kH 

±12 

±13 ! 


±12 

±13 


V 

VCM 

Input Common-Mode 
Voltage Range 


±16 

b 

■ 


B 

B 


CMRR 

Common-Mode 
Rejection Ratio 

Rs ^ i o kn 

80 

100 


70 

95 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 8) 

80 

100 


70 

90 


dB 

•s 

Supply Current 




400 


400 

500 

juA 
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AC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF442A 

LF442 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier to Amplifier 
Coupling 

T a = 25°C, f = 1 Hz-20 kHz 
(Input Referred) 


-120 



-120 


dB 

SR 

Slew Rate 

V s = ± 15V, T a = 25°C 

0.8 

1 


0.6 

1 


V/ /AS 

GBW 

Gain-Bandwidth Product 

V s = ±15V,T A = 25°C 

0.8 

1 


0.6 

1 


MHz 

e n 

Equivalent Input Noise 
Voltage 

t a = 25°c, r s = ioon, 
f = 1 kHz 


35 



35 


nV/i/Hi 

■n 

Equivalent Input Noise 
Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pA/>/Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: The value given is in 400 linear feet/min air flow. 

Note 4: The value given is in static air. 

Note 5: These devices are available in both the commercial temperature range 0°C £ Ta ^ 70°C and the military temperature range -55°C £ Ta £ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A "C" indicates the commercial temperature range and an "M” 
indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 6: Unless otherwise specified, the specifications apply over the full temperature range and for Vs = ± 20V for the LF442A and for Vs = ± 1 5V for the LF442. 
Vos. >B. and los are measured at Vqm = 0. 

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + 0jA p D where 0 ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
± 15V to ±5V for the LF442 and ±20V to ±5V for the LF442A. 

Note 9: Refer to RETS442AX for LF442AMH military specifications and to RETS442X for LF442MH military specifications. 
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NEGATIVE OUTPUT VOLTAGE POSITIVE COMMON-MODE 

SWING (V) INPUT VOLTAGE UMIT (V) INPUT BIAS CURRENT (pA) 


CM 


Typical Performance Characteristics 



Input Bias Current 



-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


j| 360 


>5 280 
=» 

10 240 
200 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 1 5 20 25 

POSITIVE SUPPLY VOLTAGE (V) 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY VOLTAGE (V) 



Negative Current Limit 



0 2 4 6 8 10 12 14 16 


OUTPUT SINK CURRENT (mA) 


Output Voltage Swing 




o 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Current Limit 



012345678 
OUTPUT SOURCE CURRENT (mA) 


Output Voltage Swing 



1 10 100 
Rl-OUTPUT LOAD (kft) 

TL/H/9155-5 
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Typical Performance Characteristics (Continued) 


Gain Bandwidth 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Bode Plot 



0.1 1 10 
FREQUENCY (MHz) 


150 

100 

50 I 3- 

GO > 
m — 

0 S5 

CD CC 

so :> 
-50 m fy 

to 

-100 

-150 


2 

1.8 
1.6 
1.4 
1.2 
1 

0.8 
0.6 
0.4 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Slew Rate 



Distortion vs Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Undistorted Output Voltage 



Ik 10k 100k 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Common-Mode Rejection 



10 100 Ik 10k 100k 1M 10M 
FREQUENCY (Hz) 


Power Supply Rejection 
Ratio 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Equivalent Input Noise 



0 L-L Mil. I LIU— 1 LLU 1—1 III 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


z 

£ 

o 


Open Loop Voltage Gain 


1) 

CC 

10k - 

_____ 

— 

= 

= 

— 

— 




ZZH 

— 

— 




— 



_ 


-5 

5°C 


— -T 


~ l==1 

— 



a— 

— — “ 


— 


HZ 




— 

125° 












□ 






5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



Inverter Settling Time 



TL/H/9155-6 
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Application Hints 

This device is a dual low power op amp with internally 
trimmed input offset voltages and JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the need 
for clamps across the inputs. Therefore, large differential 
input voltages can easily be accommodated without a large 
increase in input current. The maximum differential input 
voltage is independent of the supply voltages. However, nei- 
ther of the input voltages should be allowed to exceed the 
negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased to allow normal circuit 
operation with power supplies of +3.0V. Supply voltages 
less than these may degrade the common-mode rejection 
and restrict the output voltage swing. 


The amplifiers will drive a 10 kH load resistance to + 10V 
over the full temperature range. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequenty there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Typical Applications 


Battery Powered Strip Chart Preamplifier 


TIME CONSTANT 
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Typical Applications (Continued) 


“No FET” Low Power V — * F Converter 



OUTPUT 
1 Hz-1 kHz 


Trim 1M pot for 1 kHz full-scale out- 
put 

1 5 mW power drain 
No integrator reset FET required 
Mount D1 and D2 in close proximity 
1 % linearity to 1 kHz 


TL/H/9155-12 


• "^"control ~ 75°C 

• Al’s output represents the ampli- 
fied difference between the LM335 
temperature sensor and the crystal 
oven’s temperature 

• A2, a free running duty cycle mod- 
ulator, drives the LM395 to com- 
plete a servo loop 

• Switched mode operation yields 
high efficiency 

• 1 % metal film resistor 


High Efficiency Crystal Oven Controller 


15V 15V 




TL/H/9155-14 

Eout= - ['°9 10 (f^) + 5 ] 

Rj = Tel Labs type Q81 

Trim 5k for 10 jxA through the 5k- 120k combination 
*1% film resistor 
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Typical Applications (continued) 


Unconvesiflioraal Log Amplifier 


Q1, Q2, Q3 are included on LM389 
amplifier chip which is temperature- 
stabilized by the LM389 and Q2-Q3, 
which act as a heater-sensor pair. 
Q1 , the logging transistor, is thus im- 
mune to ambient temperature varia- 
tion and requires no temperature 
compensation at all. 



OUTPUT 

0-10V FOR INPUTS 
OF 10 nA-1 mA 


TL/H/9155-15 


Detailed Schematic 


y 2 Dual 
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National 

Semiconductor 


LF444A/LF444 Quad Low Power JFET 
Input Operational Amplifier 


General Description 

The LF444 quad low power operational amplifier provides 
many of the same AC characteristics as the industry stan- 
dard LM148 while greatly improving the DC characteristics 
of the LM148. The amplifier has the same bandwidth, slew 
rate, and gain (10 kft load) as the LM148 and only draws 
one fourth the supply current of the LM148. In addition the 
well matched high voltage JFET input devices of the LF444 
reduce the input bias and offset currents by a factor of 
10,000 over the LM148. The LF444 also has a very low 
equivalent input noise voltage for a low power amplifier. 
The LF444 is pin compatible with the LM148 allowing an 
immediate 4 times reduction in power drain in many applica- 
tions. The LF444 should be used wherever low power dissi- 
pation and good electrical characteristics are the major con- 
siderations. 


Features 


% supply current of a LM148 

200 julA/ A mplifier (max) 

Low input bias current 


50 pA (max) 

High gain bandwidth 


1 MHz 

High slew rate 


1 V/jus 

Low noise voltage for low power 


35 nVAfHz 

Low input noise current 


0.01 pA/VRz 

High input impedance 


1012ft 

High gain V 0 = ±10V, R L = 10k 

50k (min) 


Simplified Schematic 


V 4 Quad 



Ordering Information 

LF444XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, “C” for commercial 
Z indicates package type “D”, “M” or “N” 


Connection Diagram 


LF444AMD/LF444CD/LF444ACN/LF444CN 
Dual-ln-Line Package 

OUT 4 IN 4" IN 4+ V“ IN 3 + IN 3" OUT 3 



Order Number LF444AMD, LF444CD, LF444CJ, 
LF444CM, LF444CWM, LF444ACN or LF444CN 
See NS Package Number D14E, J14A, M14A, M14B or 
N14A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 



LF444A 

LF444 

Supply Voltage 

±22V 

± 18V 

Differential Input Voltage ± 38V 

±30V 

Input Voltage Range 

± 19V 

± 15V 

(Note 1) 

Output Short Circuit 

Continuous Continuous 

Duration (Note 2) 


D Package 

N, WM Packages 

Power Dissipation 

900 mW 

670 mW 

(Notes 3 and 9) 

Tj max 

150°C 

1 15°C 

0jA (Typical) 

100°C/W 

85°C/W 


Operating Temperature Range 
Storage Temperature Range 
ESD rating to be determined. 
Soldering Information 
Dual-ln-Line Packages 
(Soldering, 10 sec.) 

Small Outline Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 


LF444A/LF444 

(Note 4) 

— 65°C <: T a ^ 150°C 


260°C 

215°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


DC Electrical Characteristics (Notes) 


Symbol 

Parameter 



LF444A 

LF444 

Units 

uonamons 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R S = 10k, T a 

= 25°C 


2 

5 


3 

10 

mV 



0°C ^ T A ^ + 70°C 



6.5 



12 

mV 



— 55°C ^ T A ^ + 125°C 



8 




mV 

AVos/AT 

Average TC of Input 
Offset Voltage 

R s = 10 kn 


10 



10 


ju,V/°C 

•os 

Input Offset Current 

V s = ± 15V 

Tj = 25°C 


5 

25 


5 

50 

pA 



(Notes 5, 6) 

Tj = 70°C 



1.5 



1.5 

nA 




Tj = 125°C 



10 




nA 

,B 

Input Bias Current 

V s = ± 15V 

Tj = 25°C 


10 

50 


10 

100 

pA 



(Notes 5, 6) 

Tj = 70°C 



3 



3 

nA 




Tj = 125°C 



20 




nA 

Rin 

Input Resistance 

Tj = 25° C 


1012 



1012 


n 

AvOL 

Large Signal Voltage 
Gain 

V s = ± 15V, V 0 = ± 10V 

R l = 10ka,T A = 25°C 

50 

100 


25 

100 


V/ mV 



Over Temperature 

25 



15 



V/mV 

Vo 

Output Voltage Swing 

V s = +15V, R l = 10 kn 

±12 

±13 


±12 

±13 


V 

VcM 

Input Common-Mode 



±16 

+ 18 


±11 

+ 14 


V 


Voltage Range 




- 17 



-12 


V 

CMRR 

Common-Mode 
Rejection Ratio 

R s ^ 10 kn 

80 

100 


70 

95 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

90 


dB 

Is 

Supply Current 



0.6 

0.8 


0.8 

1.0 

mA 
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ACE 

lectrical Characteris 

tlCS (Note 5) 

Symbol 

Parameter 

Conditions 

LF444A 

LF444 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier-to-Amplifier 

Coupling 



-120 



-120 


dB 

SR 

Slew Rate 

V S = ± 15V, T A = 25°C 


1 



1 


V/jas 

GBW 

Gain-Bandwidth Product 

V S = ± 1 5V, T a = 25°C 


1 



1 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft, 
f = 1 kHz 


35 



35 


nVA/Hz 

■n 

Equivalent Input Noise Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pAA/Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 


Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA- 

Note 4: The LF444A is available in both the commercial temperature range 0°C ^ Ta ^ 70°C and the military temperature range -55°C £ Ta ^ 125°C. The 
LF444 is available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device 
number. A “C” indicates the commercial temperature range and an “M” indicates the military temperature range. The military temperature range is available in "D” 
package only. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ±20V for the LF444A and for Vs = ± 1 5V for the LF444: 
Vos. >b> an d los are measured at Vcm = °- 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + ^aPd where 0 ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
+ 15V to ±5V for the LF444 and from ±20V to +5V for the LF444A. 

Note 8: Refer to RETS444AX for LF444AMD military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 

Typical Performance Characteristics 


Input Bias Current 



-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 

1000 

_ 800 

s 

| 600 

g 400 
oZ 

w 200 
0 

0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


125°C 



Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 



o 3 
5E ca 



Negative Common-Mode 
Input Voltage Limit 

-25 
-20 
-15 

-10 

-5 

0 

0 -5 -10 -15 -20 -25 


—i — i — i — i — i — i — | 
-55 0 C<Tft<125°C 
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012345678 


POSITIVE SUPPLY VOLTAGE (V) 


NEGATIVE SUPPLY OUTPUT SOURCE CURRENT (mA) 

VOLTAGE (V) 

TL/H/9156-3 
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Typical Performance Characteristics (Continued) 


Negative Current Limit 



mm 



50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Voltage Swing 


p 

fil 

S 


Vs=±15V 
Rl = 10k 
C L =100 pF 

I I I I III 


!!■ 

shB 


0.1 1 10 
FREQUENCY (MHz) 


Output Voltage Swing 


H BBBi! I 

iiiiiriia 


OUTPUT SINK CURRENT (mA) 

SUPPLY VOLTAGE ( ± V) 

Rl-OUTPUT LOAD (kfl) 

Gain Bandwidth 

Bode Plot 

Slew Rate 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Distortion vs Frequency 



Undistorted Output 
Voltage Swing 




Open Loop 
Frequency Response 


10 100 Ik 10k 

Ik 10k 100k 

1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

FREQUENCY (Hz) 

FREQUENCY (Hz) 

Common-Mode 

Power Supply 

Equivalent Input 

Rejection Ratio 

Rejection Ratio 

Noise Voltage 




Vs=±15V X 

60 R L =10k \ 

40 .Ta=25°C i q 

20 - CMRR = 20 LOG ^ + OPEN LOOP. 
VOLTAGE GAIN V ° 

0 * * * 

10 100 Ik 10k 100k 1M 10M 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/9156- 









OUTPUT VOLTAGE SWING (5V/DIV) OUTPUT VOLTAGE SWING (50 mV/DIV) 




Application Hints 

This device is a quad low power op amp with JFET input 
devices (BI-FETtm). These JFETs have large reverse break- 
down voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore, large differen- 
tial input voltages can easily be accommodated without a 
large increase in input current. The maximum differential in- 
put voltage is independent of the supply voltages. However, 
neither of the input voltages should be allowed to exceed 
the negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased to allow normal circuit 
operation with power supplies of ±3.0V. Supply voltages 
less than these may degrade the common-mode rejection 
and restrict the output voltage swing. 


The amplifiers will drive a 10 kfl load resistance to ±10V 
over the full temperature range. If the amplifier is forced to 
drive heavier load currents, however, an increase in input 
offset voltage may occur on the negative voltage swing and 
finally reach an active current limit on both positive and neg- 
ative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Typical Application 


pH Probe Amplifier/Temperature Compensator 




470k 


A1 

1/4 LF444 


“For R2 = 50k, R4 = 330k ±1% 

For R2 = 100k, R4 = 75k ±1% 

For R2 = 200k, R4 = 56k ±1% 
“Polystyrene 
•Film resistor type RN60C 
To calibrate, insert probe in pH =7 so- 
lution. Set the “TEMPERATURE AD- 
JUST” pot, R2, to correspond to the 
solution temperature: full clockwise for 
0°C, and proportionately for intermedi- 
ate temperatures, using a turns-count- 
ing dial. Then set “CALIBRATE” pot so 
output reads 7V. 


asm 


Kgj 





■1 


ISM 



mm 



t.O/K MfHZUUU 

I — vwt— \\\— tvw 

V TEMPERATURE 


Typical probe = Ingold Electrodes 
#465-35 


TL/H/9156-10 



3-111 


LF444A/LF444 





LF444A/LF444 



3-112 




National 

y ... 7 / 

Semiconductor 

. TM ' ^ 


LF451 Wide-Bandwidth 
JFET-Input Operational Amplifier 


BI-FET II Technology 


General Description 

The LF451 is a low-cost high-speed JFET-input operational 
amplifier with an internally trimmed input offset voltage (BI- 
FET I |tm technology). The device requires a low supply cur- 
rent and yet maintains a large gain bandwidth product and a 
fast slew rate. In addition, well matched high voltage JFET 
input devices provide very low input bias and offset cur- 
rents. The LF451 is pin compatible with the standard 
LM741, allowing designers to upgrade the overall perform- 
ance of existing designs. 

The LF451 may be used in such applications as high-speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input bias current, high 
input impedance, high slew rate and wide bandwidth. 


Features 

■ Internally trimmed offset voltage 

■ Low input bias current 

■ Low input noise current 

■ Wide gain bandwidth 

■ High slew rate 

■ Low supply current 

■ High input impedance 

■ Low total harmonic distortion Ay = 
R l = 10k, V 0 = 20 Vp_ p , f = 20 

■ Low 1 /f noise corner 

■ Fast settling time to 0.01 % 


5.0 mV (max) 
50 pA (typ) 
0.01 pAA/Hz (typ) 
4 MHz (typ) 
13 V/jits (typ) 
3.4 mA (max) 

1012ft (typ) 

<0.02% (typ) 
Hz-20 kHz 

50 Hz (typ) 
2 fiS (typ) 


10 , 


Connection Diagram 

S.O. Package 


Typical Connection 


o 






TL/H/9660-2 


Top View 

Order Number LF451CM 
See NS Package Number M08A 



TL/H/9660-1 


Simplified Schematic 



TL/H/9660-3 
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Absolute Maximum Ratings (Note d 

ESD Susceptibility (Note 4) 2000V 

Soldering Information (Note 5) 

SO Package: Vapor Phase (60 sec) 21 5°C 

I nf rared (1 5 sec) 220°C 

Operating Ratings (Note i> 

Temperature Range T M in ^ T A ^ Tmax 

LF451CM 0°C ^ T A ^ + 70°C 

Junction Temperature (Tj max ) 125°C 

Supply Voltage (V+ - V~) 10Vto32V 


DC Electrical Characteristics The following specifications apply for V+ = + 15VandV~ = -15V. Bold- 
face limits apply for Tmin to Tmax; all other limits Ta = Tj = 25°C. 





LF451CM 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Vos 

Maximum Input Offset Voltage 

R s = 10 kn, (Note 10) 

0.3 

5 


mV 

>OS 

Maximum Input Offset Current 

(Notes 9, 10) Tj = 25°C 

25 

100 


pA 



Tj = 70°C 



2 

nA 

1b 

Maximum Input Bias Current 

(Notes 9, 10) Tj = 25°C 

50 

200 


pA 



Tj = 70°C 



4 

nA 

Rin 

Input Resistance 

Tj = 25°C 

1012 



n 

AVOL 

Minimum Large Signal 

Voltage Gain 

V 0 = ±10V, R L = 2kfL 
(Note 10) 

200 

50 

25 

V/mV 

v 0 

Minimum Output Voltage Swing 

R l = 10k 

±13.5 

±12 

±12 

V 

VcM 

Minimum Input Common Mode 


+ 14.5 

+ 11 

+ 11 

V 


Voltage Range 


-11.5 

-11 

-11 

V 

CMRR 

Minimum Common-Mode 
Rejection Ratio 

Rs ^ 10 kn 

100 

80 


dB 

PSRR 

Minimum Supply Voltage 
Rejection Ratio 

(Note 11) 

100 

80 



Is 

Maximum Supply Current 



3.4 

3.4 

mA 


AC Electrical Characteristics The following specifications apply for V+ = + 15V and V - = -15V. Bold- 
face limits apply for Tmin to Tmax; all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LF451CM 

Units 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

SR 

Slew Rate 

A v = +1 

13 

8 


V/JLIS 


Minimum Gain-Bandwidth Product 

f = 100 kHz 

4 

2.7 


MHz 


Equivalent Input Noise Voltage 

R s = 100n,f = 1 kHz 

25 



nVA/Hz 

■n 

Equivalent Input Noise Current 

R s = loon.f = 1 kHz 

0.01 



pA/i/Rz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: When the input voltage exceeds the power supplies, the current should be limited to 1 mA. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj MAX, 0 ja and the ambient temperature, T/\. The maximum 
allowable power dissipation at any temperature is Pd = (Tj MAX - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For 
guaranteed operation Tj max = 125°C. The typical thermal resistance (0ja) of the LF451CM when board-mounted is 170°C/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (Appendix D) for other methods of soldering surface mount devices. 
Note 6: Typicals are at Tj = 25°C and represent most likely parametric norm. 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (V+ — V~) 

Input Voltage Range 
Differential Input Voltage (Note 2) 
Junction Temperature (Tj MAX) 
Output Short Circuit Duration 
Power Dissipation (Note 3) 


36V 

V- ^ V| N £ V + 
±30V 
150°C 
Continuous 
500 mW 
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Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design limits are guaranteed to National’s AOQL, but not 100% tested. Uri 

Note 9: The Input bias currents are junction leakage currents which approximately double for every 10°C Increase In the junction temperature Tj. Due to limited "■* 

production test time, the Input bias currents are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + 0jaPd where 0ja is the thermal resistance from junction to ambient. 

Noto 10: Vos, >b> AVOL, and los are measured at Vqm = 0V. 

Note 11: Supply voltage rejection ratio is measured for both supply magnitudes Increasing or decreasing simultaneously in accordance with common practice. 


Typical Performance Characteristics 

Undistoi 

Distortion vs Frequency Voltage 



100 Ik 10k 
FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 



100k 

FREQUENCY (Hz) 
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FREQUENCY (Hz) 
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Gain (V/V) 

= — -Ta ■ CTC TQ +26*C~ 


10 15 
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Power Supply 
Rejection Ratio 
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FREQUENCY (Hz) 
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= v s - ±isv= 
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Equivalent Input 
Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

Inverter Settling Time 
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1 

H 

CO 

0 m 















10 

mV 
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FREQUENCY (Hz) 


SETTLING TIME fa) 
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Pulse Response 


Small Signal Inverting 



TIME (0.2 Ats/DIV) 


TL/H/9660-6 


Small Signal Non-Inverting 



TIME (0.2/zs/DIV) 


TL/H/9660-7 


Large Signal Inverting 



TIME (2 ms/DIV) 

TL/H/9660-8 



ui 

c s 
< 


o 
> 
t- 
3 
a. 
h- 
=> 

O 

TIME (2/is/DIV) 

TL/H/9660-9 



Large Signal Non-Inverting 


Current Limit (Rl = 100H) 



TIME (5 ms/DI V) 


TL/H/9660-10 


Application Hints 

The LF451CM is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 


cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit with the non-in- 
verting input, or with both inputs, will force the output to a 
high state, potentially causing a reversal of phase to the 
output. 

In neither case does a latch occur since raising the input 
back within the common-mode range again puts the input 
stage and thus the amplifier in a normal operating mode. 
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Application Hints (Continued) 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The LF451 is biased by a zener reference which allows nor- 
mal circuit operation on ±4V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The LF451 will drive a 2 kH load resistance to ± 1 0V over 
the full temperature range of 0°C to + 70°C. If the amplifier 
is forced to drive heavier load currents, however, an in- 
crease in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they are more resistant to ESD (see Absolute 
Maximum Ratings). 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 

Detailed Schematic 


put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 

The benefit of the S.O. package results from its very small 
size. It follows, however, that the die inside the S.O. pack- 
age is less protected from external physical forces than a 
die in a standard DIP would be, because there is so much 
less plastic in the S.O. Therefore, not following certain pre- 
cautions when board mounting the LF451CM can put me- 
chanical stress on the die, lead frame, and/or bond wires. 
This can cause shifts in the LF451CM’s parameters, even 
causing them to exceed limits specified in the Electrical 
Characteristics. For recommended practices in LF451CM 
surface mounting refer to Application Note AN-450 “Sur- 
face Mounting Methods and Their Effect on Product Reli- 
ability” and to Section 6 “Surface Mount” found in any 
Rev. 1 Linear Databook volume. 
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National 

Semiconductor 


LF453 Wide-Bandwidth Dual 
JFET-Input Operational Amplifiers 



General Description 

The LF453 is a low-cost, high-speed, dual JFET-input oper- 
ational amplifier with an internally trimmed input offset volt- 
age (BI-FET II technology). The device requires a low supply 
current and yet the amplifiers maintain a large gain band- 
width product and a fast slew rate. In addition, well matched 
high voltage JFET input devices provide very low input bias 
and offset currents. The LF453 is pin compatible with the 
standard LM1558, allowing designers to upgrade the overall 
performance of existing designs. 

The LF453 may be used in such applications as high-speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input bias current, high 
input impedance, high slew rate and wide bandwidth. 


Features 

■ Internally trimmed offset voltage 

■ Low input bias current 

■ Low input noise current 

■ Wide gain bandwidth 

■ High slew rate 

■ Low supply current 

■ High input impedance 

■ Low total harmonic distortion 
A v = 10, R l = 10k, 

V 0 = 20 V p _p, f = 20 Hz-20 kHz 

■ Low 1/f noise corner 

■ Fast settling time to 0.01 % 


5.0 mV (max) 
50 pA (typ) 
0.01 pA/\/Hz (typ) 
4 MHz (typ) 
13 V/jms (typ) 
6.5 mA (max) 
1012ft (typ) 
<0.02% (typ) 


50 Hz (typ) 
2 juls (typ) 


Typical Connection 

Rf 



TL/H/9710-1 


Connection Diagram 

SO Package 



■ v+ 

• OUTPUT B 

• - INPUT B 

• + INPUT B 

TL/H/9710-2 


Order Number LF453CM 
See NS Package Number M08A 


Simplified Schematic 



TL/H/9710-3 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V + - V ~ ) 36V 

Input Voltage Range V - ^ Vin ^ V+ 

Differential Input Voltage (Note 2) ± 30V 

Junction Temperature (Tj MAX) 1 50°C 

Output Short Circuit Duration Continuous 

Power Dissipation (Note 3) 500 mW 

ESD Susceptability (Note 4) 2000V 


Soldering Information (Note 5) 

SO Package: Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

Operating Ratings (Notei) 

Temperature Range Tmin ^ T a ^ t max 

LF453CM 0°C£T A +70°C 

Junction Temperature (Tj max ) 125°C 

Supply Voltage (V+ -V - ) 10V to 32V 


DC Electrical Characteristics The following specifications apply for V + = +1 5V and V - = -15V. Bold- 
face limits apply for Tmin to t max; all other limits t a = T J = 25°C. 





| LF453CM 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Vos 

Maximum Input Offset Voltage 

R s = 10 kft, (Note 10) 


5 


mV 

•os 

Maximum Input Offset Current 

(Notes 9, 10) Tj = 25°C 

25 

100 


pA 



Tj = 70°C 



2 

nA 

<B 

Maximum Input Bias Current 

(Notes 9, 10) Tj = 25°C 

50 

200 


pA 



Tj = 70°C 



4 

nA 

Rin 

Input Resistance 

Tj = 25°C 

1012 



n 

AVOL 

Minimum Large Signal 

v 0 — ±10V, R L = 2 kft 

200 

50 

25 

V/mV 


Voltage Gain 

(Note 10) 

v 0 

Minimum Output Voltage Swing 

o 

II 

_i 

cc 

±13.5 

±12 

±12 

V 

VCM 

Minimum Input Common 


+ 14.5 

+ 11 

+ 11 

V 

Mode Voltage Range 


-11.5 

-11 

-11 

V 

CMRR 

Minimum CommonTMode 
Rejection Ratio 

Rs ^ io kn 

100 

80 

80 

dB 

PSRR 

Minimum Supply Voltage 

Rejection Ratio 

(Note 11) 

100 

80 

80 

dB 

•s 

Maximum Supply Current 



6.5 

6.5 

mA 


AC Electrical Characteristics The following specifications apply for V+ = + 15VandV _ = -15V. Limits 
apply for T A = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

| LF453CM | 

Units 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

SR 

Slew Rate 

A v = +1 . . 

13 

8 


V/jus 

GBW 

Minimum Gain-Bandwidth Product 

f = 100 kHz 

4 

2.7 


MHz 

e n 

Equivalent Input Noise Voltage 

R s = 100ft, f = 1 kHz 

25 



nV/t/Hz 

*n 

Equivalent Input Noise Current 

R S = 100ft, f = 1 kHz 

0.01 



pA/l/Hz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: When the input voltage exceeds the power supplies, the current should be limited to 1 mA. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj MAX, 0 JA and the ambient temperature, T A . The 
maximum allowable power dissipation at any temperature is Pq = (Tj MAX - T a )/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. 
For guaranteed operation Tj max = 125°C. The typical thermal resistance (Oja) of the LF453CM when board-mounted is 160°C/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 5: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (section titled “Surface Mount”) for other methods of soldering surface 
mount devices. 


Note 6: Typicals are at Tj = 25°C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design limits are guaranteed to National’s AOQL, but not 100% tested. 

Note 9: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due to limited 
production test time, the input bias currents are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + 0ja Pd where 0ja is the thermal resistance from junction to ambient. 

Note 10: Vos. >b> AVOL and los are measured at Vqm = 0V. 

Note 11: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 
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Typical Performance Characteristics (Continued) 


Distortion vs Frequency 

0.2 
0.175 
0.15 
g 

£ 0.125 

0 

1 0,1 
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0 
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Undistorted Output 
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Open Loop 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode 



FREQUENCY (Hz) 


Power Supply 



10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input 



FREQUENCY (Hz) 


Open Loop Voltage Gain (V/V) 



10K I 1 1 1 1 1 1 

5 10 15 20 


SUPPLY VOLTAGE faV) 



Inverter Settling Time 



0.1 1 10 
SETTLING TIME fas) 
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Pulse Response 


Small Signal Inverting 



TIME (0.2 Ats/OIV) 

TL/H/9710-6 


Small Signal Non-Inverting 



TIME (0.2/is/DIV) 


TL/H/9710-7 


Large Signal Inverting 



TIME (2 WDIV) 


TL/H/9710-8 


Large Signal Non-Inverting 

> 
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in 
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o 


TIME (2 ms/DIV) 

TL/H/9710-9 



Current Limit (R|_ = 100 ft) 



TIME (5ms/DIV) 


TL/H/9710-10 
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Application Hints 

These devices are op amps with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit with the non-in- 
verting input, or with both inputs, will force the output to a 
high state, potentially causing a reversal of phase to the 
output. In neither case does a latch occur since raising the 
input back within the common-mode range again puts the 
input stage and thus the amplifier in a normal operating 
mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±5V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 k(t load resistance to ±10V 
over the full temperature range of 0°C to + 70°C. If the am- 
plifier is forced to drive heavier load currents, however, an 
increase in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 


in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they are more resistant to ESD (see Absolute 
Maximum Ratings). 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive.The parallel resistance and capacitance 
from the input of the device (usually the inverting input) to 
AC ground set the frequency of the pole. In many instances 
the frequency of this pole is much greater than the expected 
3 dB frequency of the closed loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately 6 times the ex- 
pected 3 dB frequency a lead capacitor should be placed 
from the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time constant 
of this capacitor and the resistance it parallels is greater 
than or equal to the original feedback pole time constant. 
The benefit of the SO package results from its very small 
size. It follows, however, that the die inside the SO package 
is less protected from external physical forces than a die in 
a standard DIP would be, because there is so much less 
plastic in the SO. Therefore, not following certain precau- 
tions when board mounting the LF453CM can put mechani- 
cal stress on the die, lead frame, and/or bond wires. This 
can cause shifts in the LF453CM’s parameters, even caus- 
ing them to exceed limits specified in the Electrical Charac- 
teristics. For recommended practices in LF453CM surface 
mounting refer to Application Note AN450 “Surface Mount- 
ing Methods and Their Effect on Product Reliability” and to 
the section titled “Surface Mount” found in any Rev 1. Lin- 
ear Databook volume. 
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LF13741 


National 
Semiconductor 

LF13741 

Monolithic JFET Input Operational Amplifier 




General Description 

The LF13741 is a 741 with BI-FETtm input followers on the 
same die. Familiar operating characteristics— those of a 
741— with the added advantage of low input bias current 
make the LF13741 easy to use. Monolithic fabrication 
makes this “drop-in-replacement” operational amplifier very 
economical. 

Applications in which the LF13741 excels are those which 
require low bias current, moderate speed and low cost. A 
few examples include high impedance transducer amplifi- 
ers, photocell amplifiers, buffers for high impedance, slow to 
moderate speed sources and buffers in sample-and-hold 
type systems where leakage from the hold capacitor node 
must be kept to a minimum. 

Systems designers can take full advantage of their knowl- 
edge of the 741 when designing with the LF13741 to 
achieve extremely rapid “design times.” The LF13741 can 
also be used in existing sockets to make the “error budget” 
for input bias and/or offset currents negligible and in many 
cases eliminate trimming. For higher speed and lower noise 
use the LF155, LF156, LF157 series of BI-FET operational 
amplifiers. 

Features 

■ Low input bias current 50 pA 

■ Input common-mode range to positive supply voltage 


■ Low input noise current 0.01 pAA/Hz 

■ High input impedance 5 X lO^ft 

■ Familiar operating characteristics 

Advantages 

■ FET inputs— 741 operating characteristics 

■ Low cost 

■ Ease of use 

■ Standard supplies 

■ Standard pin outs 

■ Non-rectifying input for RF environment 

■ Rapid “design time” 

Applications 

■ Smoke detectors 

■ I to V converters 

■ High impedance buffers 

■ Low drift sample and hold circuits 

■ High input impedance, slow comparators 

■ Long time timers 

■ Low drift peak detectors 

■ Supply current monitors 

■ Low error budget systems 


Simplified Schematic Typical Applications 



TL/H/9296-1 


Inexpensive Microprocessor D/A 


Vref 



TL/H/9296-2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage ± 1 8V 

Operating Temperature Range 0°C to + 70°C 

Tj(MAX) 1 00°C 

Differential Input Voltage ± 30V 

Input Voltage Range (Note 3) ± 1 6V 

Output Short Circuit Duration Continuous 


Storage Temperature Range 


— 65°C to + 150°C 


H Package 

0 jA (Typical) 

(Note 1) 70°C/W 

(Note 2) 175°C/W 

0 jC (Typical) 25°C/W 

Metal Package Lead Temperature 
(Soldering, 10 sec.) 

Plastic Package (Soldering, 4 sec.) 
ESD rating to be determined. 


N Package 

163°C/W 

218°C/W 


300°C 

260°C 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

R s = 10kft,T A = 25°C 


5 

15 

mV 

Over Temperature 



20 


Voltage Offset Adjustment 

Range 


10 



mV 

AVqs/AT 

Average TC of Input Offset 
Voltage 

R s = 10 kH 


10 


juV/°C 

los 

Input Offset Current 

Tj = 25°C (Notes 4, 5) 


10 

50 

pA 

Tj ^ 70°C 



2 

nA 

Ib 

Input Bias Current 

Tj = 25°C (Notes 4, 5) 


50 

200 

pA 

Tj <; 70°C 


1.6 

8 

nA 

Rin 

Input Resistance 

Tj = 25°C 


5 X 1011 


a 

Avol 

Large Signal Voltage Gain 

V s = ±15V,T A = 25°C 

V 0 = +10V, R L = 2kH 

25 

100 


V/mV 

Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V s = ±15V, R L = 10 kn 

±12 

±13 


V 

VcM 

Input Common-Mode Voltage 
Range 

V s = ± 1 5V 

±11 

+ 15.1 

-12 


V 

CMRR 

Common-Mode Rejection Ratio 

R s ^ 10 kfl 

70 

90 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

77 

96 


dB 

•s 

Supply Current 



2 

4 

mA 
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AC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

SR 

Slew Rate 

V s = ±15 V,T a = 25°C 


0.5 


V/jLtS 


Gain-Bandwidth Product 

V s = ± 15V, T a = 25°C 


1.0 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C,R S = ioon 
f =100 Hz 


1 





f = 1000 Hz 


mm 


wSrtzrm 

•n 

Equivalent Input Noise Current 

Tj = 25°C 
f = 100 Hz 

f = 1000 Hz 


0.01 

0.01 


pA/>/Hz 

pA/VHz 


Note 1: The value given is in 400 Linear Feet/Min air flow. 

Note 2: The value given is in static air. 

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 4: These specifications apply for Vg = ±15V and 0°C ^ Ta ^ +70°C. Vos. and los are measured at Vqm = 0. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + 0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply Voltage Rejection Ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
Vg = ± 1 0V to ± 15V. 
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OUTPUT VOLTAGE SWING (50 mV/DIV) "T| OUTPUT VOLTAGE SWING (Vp*) GAIN (dB) 


Typical Performance Characteristics (Continued) 


Bode Plot 


ikhuuiii 

■*11111111 
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llllkYWIIIIIII 
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■miumi 

■viim'i 
mmiiiii 


FREQUENCY (MHz) 


Common-Mode Rejection 
Ratio 



ID 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hi) 


Power Supply Rejection 
Ratio 


■ 

mm 

mm 

H 

jgj|j 

jli 

■ 

m 

■ 


■ 

■ 


g 

■ 

■1 

B 

■ 


■ 

■ 

■ 


10 100 Ik 10k 

FREQUENCY (Hz) 


Undlstorted Output 
Voltage Swing 



10k 100k 

FREQUENCY (Hz) 


Equivalent Input 
Noise Voltage 
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13741 Pulse Responses 


Output Impedance 


■■■■liiliHinSiliinSSaiip 
■ ■■lllimMIIIIIMHIlfj 


II!I!!!!li!!!i ,l lPKf!!!!i!!!!!! 
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Small Signal Non-Inverting 
Pulse Response 


Small Signal Inverting 
Pulse Response 




Ay = +1 (Follower) 
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Typical Performance Characteristics (Continued) 
LF 13741 Pulse Responses (Continued) 


Large Signal Non-Inverting 
Pulse Response 



TIME 10/js/DIV 


TL/H/9296-7 


Large Signal Inverting 
Pulse Response 



TIME 1 0 /us/01 V 

TL/H/9296-8 


Application Hints 

GENERAL CHARACTERISTICS 

The LF13741 makes the job of converting from a bipolar to 
an FET input op amp easy. As a systems designer you are 
probably very familiar with the operating characteristics of a 
741 op amp. In fact, many of you have used 741s with FET 
input followers— that’s just what the LF13741 is, but it’s all 
on a single die. 

When you need a low cost, reliable, well known op amp with 
low input currents and moderate speed, use an LF13741. 

DIFFERENTIAL INPUTS 

You don’t have to use clamps across the inputs for differen- 
tial input voltages of less than 40V. The input JFETs of the 
LF13741, in addition to being well matched, have large re- 
verse breakdown voltages from gate to source and drain. 

POSITIVE INPUT COMMON-MODE 
VOLTAGE LIMIT 

With the LF13741 (unlike the normal 741) you can take both 
inputs above the positive supply voltage by more than 0.1V 
before the amplifier ceases to function. This feature enables 
you to use the LF13741 to monitor and/or limit the current 
from the same supply used to power it (see typical applica- 
tions). 

If you exceed the positive common-mode voltage limit on 
only one input, the output phase will remain correct. When 
you exceed the limit on both inputs, the output phase is 
unpredictable. 

NEGATIVE INPUT COMMON-MODE 
VOLTAGE LIMIT 

There are two negative input voltage ranges of interest: 

1 . The range between the negative common-mode voltage 
limit and the negative supply voltage. 

2. Voltages which are more negative than the negative sup- 
ply voltage. 


If you take only one of the inputs of the LF13741 into the 
first range, the output phase will remain correct. When you 
take both inputs into this range the output will go toward the 
positive supply voltage. 

If you force either or both of the inputs into the second 
range, an internal diode will be turned “ON.” Unless you 
externally limit the diode current to about 1 mA, the device 
will be destroyed. In either case, limited or unlimited input 
current, you cannot predict the output. 

HANDLING 

You do not have to take any special precautions in handling 
the LF13741. It has JFET, as opposed to fragile MOSFET, 
inputs. 

APPLYING POWER 

You should never: reverse the power supplies to the 
LF13741; plug a part in backwards in a powered socket or 
board; make the negative supply voltage more positive than 
an input voltage. 

Any one of these supply conditions will forward bias an in- 
ternal diode. If you have not externally limited the resulting 
current, the device will be destroyed. 

LAYOUT 

To ensure stability of response you should take care with 
lead dress, component placement and power supply decou- 
pling. For example, the body of feedback resistors (from 
output to input pins) should be placed close to the inverting 
input pin. Noise “pickup” and capacitance to ground from 
the input pin will be minimized— effects which are usually 
desirable. 

Because of the very low input bias currents of the LF13741, 
special care should be taken in printed circuit board layouts 
to prevent unnecessary leakage from the input nodes, (see 
Typical Applications). 
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Application Hints (Continued) 

FEEDBACK POLE 

You create a feedback pole when you place resistive feed- 
back around an amplifier. The parallel resistance and ca- 
pacitance from the input of the device (usually the inverting 
input) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the ex- 
pected 3 dB frequency (a distinct possibility when using FET 
op amps), you should place a lead capacitor from the output 
to the input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capacitor 
and the resistance it parallels is greater than or equal to the 
original feedback pole time constant (Figure 1). 


Typical Applications (Continued) 


C2 



TL/H/9296-9 

Parasitic input capacitance Cl = (3 pF for LF13741 plus any additional 
layout capacitance ) interacts with feedback elements and creates undesir- 
able high frequency pole. To compensate, add C2 such that: R2C2 = R1C1 . 

FIGURE 1 


Circuits Using Guard Rings to Prevent Leakage Currents Between Inputs and V~ 


Guarded Voltage Follower 



VOUT 


TL/H/9296-10 



TL/H/9296-12 


Guarded Inverting Amplifier 


R1 R2 




TL/H/9296-13 
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Typical Applications (Continued) 

Up/Down Staircase Generator/Step and Hold 

UP 



TL/H/9296-19 



• Vqut switches high when Rs Is > Vq 


Low Drift Adjustable Voltage Reference 



Low Drift Peak Detector 



'Low leakage capacitor 


TL/H/9296-23 
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Typical Applications (Continued) 


Ultra-Low Drift Peak Detector 

20k 



•By adding D1 and Rf, Vqi = 0 during hold mode. Leakage of D2 provided by feedback path through Rf. 
•Leakage of circuit is Ib plus leakage of Ch. 

•D3 clamps Vqut A1 to V|n - Vq 3 to improve speed and to limit the reverse bias of D2. 

•Maximum input frequency should be < y z ir Rf Cq 2 , where C 02 is the shunt capacitance of D2. 


Comparator with Offset Adjust for Hi-Z Inputs 


Low Current Ammeter 


v + 



TL/H/9296-25 

V" + 3V <: V| N <T V + + 0.1V 


Rf 



•full SCALE 

Rf 

Rb 

100 nA 

1.5M 

1.5M 

500 nA 

300k 

300k 

1 juA 

300k 

0 

5 /xA 

60k 

0 

10 ju.A 

30k 

0 

50 jaA 

6k 

0 

100 juA 

3k 

0 
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0 ypieai Mppncanons (Continued) 

Long Time Integrator 


i OH 


INTEGRATE 1/4 ^3333^ 


*Low leakage capacitor 


Precision Current Sink 


v in 0—1 + 



1 > 

V OUT = ^ J V| N DIT 
tl 



Photo Cell Amplifier (I to V Converter) 



(Top Views) 


TO-99 Metal Can Paclcage 


Dual-In-Line Package 



NON-INVERTING f 3 
INPUT V ~ 


Note: Pin 4 connected to case. 

Order Number LF13741H 
See NS Package Number H08C 



Order Number LF13741N 
See NS Package Number N08E 



LH0003/LH0003C 



National 

Semiconductor 


PRELIMINARY 


LH0003/LH0003C 

Wide Bandwidth Operational Amplifier 


General Description 

The LH0003/LH0003C is a general purpose operational 
amplifier which features: slewing rate up to 70 V/]lls, a gain 
bandwidth of up to 30 MHz, and high output currents. 

The LH0003 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LH0003C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 


Features 

■ Very low offset voltage 

■ Large output swing 

■ High CMRR 

■ Good large signal 
frequency response 


Typically 0.4 mV 
> + 10V into 100ft load 
Typically >90 dB 
50 kHz to 400 kHz de- 
pending on compensation 


Schematic and Connection Diagrams 




Order Number LH0003H or LH0003CH 
See NS Package Number H10G 


Typical Compensation 


Circuit Gain 

Ci 

PF 

C 2 

PF 

Slew Rate 

Rl > 20011, V/jxBec 

Full Output Frequency 
R L > 200nV OU T= ±iov 

£40 

0 

0 

70 

400 ] 

£10 

5 

30 

30 

350 

£ 5 

15 

30 

15 

250 I kHz 

£ 2 

50 

50 

5 

100 

£ 1 

90 

90 

2 

50 J 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 3) 

Supply Voltage ±20V 

Power Dissipation See Curve 

Differential I nput Voltage ± 7V 

Input Voltage Equal to Supply 


Load Current 

Operating Temperature Range 
LH0003 
LH0003C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


— 55°C to + 1 25°C 

0°Cto +85°C 

— 65°C to + 1 50°C 

260°C 


Electrical Characteristics (Notes 1 & 2) 


Parameter 


Input Offset Voltage 


Input Offset Current 
Input Bias Current 
Supply Current 
Voltage Gain 

Output Voltage Swing 




Conditions 


R s < loon 


V s = ±20V 

R l = 100k, V s = ±15V,Vqut= ± 10V 
Rl = 2k, V S = ±15V,Vqut= ±10V 
v s = ± 15V, r l = ioon 


Min 

Typ 

Max 


0.4 

3.0 


0.02 

0.2 


0.4 

2.0 


1.2 

3 

20 

70 


15 

40 


±10 

±12 



100 




CMRR 

R s <100n,V s = ± 15V, V| N = ± 10V 

70 

90 

PSRR 

R s <100n,V s = ± 1 5V, AV = 5V to 20V 

70 

90 

Equivalent Input 

R s = loon.f = 10 kHz to 100 kHz 


1.8 

Noise Voltage 

V s = ± 1 5V dc 



Note 1: These specifications apply for Pin 7 grounded, for ±5V < Vs < ±20V, with capacitor Ci 
ground, over the specified operating temperature range, unless otherwise specified. 

Note 2: Typical values are for Ta = 25°C unless otherwise specified. 

Note 3: Refer to RETS0003X for LH0003H military specifications. 


1 .8 juA/rms 

90 pF from Pin 1 to Pin 1 0 and C 2 = 90 pF from Pin 5 to 


Typical Performance Characteristics 


Maximum Power 
Dissipation 

' INFINITE HEAT SINK ' ’’ 


50 75 100 125 

TEMPERATURE TCI 


Large Signal 
Frequency Response 



Open Loop 
Frequency Response 


r 


| | 

1 1 1 
Vc = ±15V 1 

i 

BSEH 

1 

ms 

ISB 


*0! 

Bifl 

■■ 








V 


10° 10’ 10 ? 10 3 10 4 10 5 10 s 10 7 10® 

FREQUENCY (Hz) 
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LH0004/LH0004C High Voltage Operational Amplifier 


General Description 

The LH0004/LH0004C is a general purpose operational 
amplifier designed to operate from supply voltages up to 
±40V. The device dissipates extremely low quiescent pow- 
er, typically 8 mW at 25°C and Vs = ±40V. 

The LH0004’s high gain and wide range of operating volt- 
ages make it ideal for applications requiring large output 
swing and low power dissipation. 

The LH0004 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LH0004C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 

Features 

□ Capable of operation over the range of ±5V to ±40V 

□ Large output voltage typically ±35V for the LH0004 
and ±33V for the LH0004C into a 2 kfl load with 
±40V supplies 


□ Low input offset current typically 20 nA for the LH0004 
and 45 nA for the LH0004C 

□ Low input offset voltage typically 0.3 mV 

□ Frequency compensation with 2 small capacitors 

□ Low power consumption 8 mW at +40V 

Applications 

□ Precision high voltage power supply 

□ Resolver excitation 

□ Wideband high voltage amplifier 

□ Transducer power supply 


Schematic and Connection Diagrams 



COMPENSATION 



TL/H/5559-2 

Note: Pin 7 must be grounded or connected to a 
voltage at least 5V more negative than the positive 
supply (Pin 9). Pin 7 may be connected to the nega- 
tive supply; however, the standby current will be in- 
creased. A resistor may be inserted in series with 
Pin 7 to Pin 9. The value of the resistor should be a 
maximum of 100 kfl per volt of potential between 
Pin 3 and Pin 9. 

Order Number LH0004H or LH0004CH 
See NS Package Number H10G 


TL/H/5559-1 
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Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Supply Voltage, Continuous ± 45V 

Power Dissipation (see Curve) 400 mW 

Differential Input Voltage ± 7V 


Input Voltage 


Equal to Supply 


Short Circuit Duration 
Operating Temperature Range 
LH0004 
LH0004C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


3 sec 

— 55°C to + 1 25°C 
0°C to +85°C 
— 65°C to + 1 50°C 
260°C 


Electrical Characteristics (Note d 


Parameter 

Conditions 

LH0004 

LH0004C 

Units 

Min 

Typ 

Max 


1 


Input Offset Voltage 

R s ^ 100n,T A = 25°C 

R s ^ ioon 

■ 



■ 

■ 

iiiiM 

mV 

Input Bias Current 

T a = 25°C 






m 

nA 

Input Offset Current 

T a = 25°C 


3 





nA 

Positive Supply Current 

< < 
CO CO 

II II 

H- H- 

< < 

II 

IV) 

O 


110 


■ 



juA 

Negative Supply Current 

c£<? 

II II 

H- 1+ 

< < 

II 

ro 

93 

6 



m 


80 

n 

/xA 

Voltage Gain 

V s = +40V, R L = 100k, T a = 25°C 
V 0U T= ±30V 



m 



■ 

V/mV 

V s = +40V, R l = 100k 

V 0U T= ±30V 


H 

m 

10 

H 


V/mV 

Output Voltage 

V s = ±40V, R L = 10k 


±35 

±30 


±33 

±30 

V 

CMRR 

V s = ±40V, R s £ 5k 

V| N = ±33V 

70 

90 

■ 

70 

90 

■ 

dB 

PSRR 

V s = ±40V, R s ^ 5k 

AV = 20 V to 40 V 


90 

■ 



■ 

dB 

Average Temperature 
Coefficient Offset Voltage 

Rs^ioon 

■ 



■ 

4.0 


/xV/°C 

Average Temperature 
Coefficient of 

Offset Current 



0.4 



0.4 


nA/°C 

Equivalent Input 

Noise Voltage 

R s = 100Q, V S = ±40V 
f = 500 Hz to 5 kHz, T A = 25°C 


3.0 



3.0 


juVrms 


Note 1: These specifications apply for ± 5V ^ Vs ^ ± 40V, Pin 7 grounded, with capacitors Cl = 39 pF between Pin 1 and Pin 10, C2 = 22 pF between Pin 5 and 
ground, -55°C to +125°C for the LH0004, and 0°C to + 85°C for the LH0004C unless otherwise specified. 

Note 2: Refer to RETS0004X for LH0004H military specifications. 


3-142 

























Typical Applications 

Voltage Follower Input Offset 

R1# Voltage Adjust 




External Current 
Limiting Method 


High Compliance 
Current Source 


01 02 iok 



TL/H/5559-6 


*15 



LH0004/LH0004C 


Typical Performance Characteristics 



0 5 15 25 35 45 

SUPPLY VOLTAGE (±V) 



Voltage Gain 



“ 

J 








■ 

P 





t: 






7Z 




15 

2 



m 

JM 

m 

■ 




*2! 

°c • 

I 

g 

1 

i 



T A - -55°C 

5 

g 

3 

fi 



Ta - 125°C 


3 

■ 

■ 










□ 





g 

m 

IB 

m 

■ 

■ 




i 



0 10 20 30 40 

SUPPLY VOLTAGE (±V> 


Negative Supply Current 



0 10 20 30 40 

SUPPLY VOLTAGE (*V) 


Positive Supply Current 



0 10 20 30 40 

SUPPLY VOLTAGE (±V) 



0 15 30 45 

SUPPLY VOLTAGE (±V) 


Open Loop Frequency 
Response 



Q I—— 1 I I I I — I ^ 

0.1 10 Ik 100k 1094 

FREQUENCY <Hz) 


Large Signal 



0.1 10 Ik 100k 1G0M 

FREQUENCY (Hz) 


Package Power Dissipation 



0 50 100 150 

TEMPERATURE (°C) 

TL/H/5559-7 
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National 

Semiconductor 


LH0020/LH0020C High Gain Operational Amplifier 


General Description 

The LH0020/LH0020C is a general purpose operational 
amplifier designed to source and sink 50 mA output cur- 
rents. In addition to its high output capability, the LH0020/ 
LH0020C exhibits excellent open loop gain, typically in ex- 
cess of 100 dB. The parameters of the LH0020 are guaran- 
teed over the temperature range of -55°C to + 125°C and 
±5V ^ Vs ^ ±22V, while those of the LH0020C are guar- 
anteed over the temperature range of 0°C to +85°C and 
±5V £ V s <: ± 18V. 

Output current capability, excellent input characteristics, 
and large open loop gain make the LH0020/LH0020C suit- 
able for application in a wide variety of applications from 
precision DC power supplies to precision medium power 
comparator. 


Features 

■ Low offset voltage typically 1.0 mV at 25°C over the 
entire common-mode voltage range 

■ Low offset current typically 10 nA at 25°C for the 
LH0020 and 30 nA for the LH0020C 

b Offset voltage is adjustable to zero with a single poten- 
tiometer 

■ ± 1 4V, 50 mA output capability 


Schematic and Connection Diagrams 


COMPENSATION 



TL/H/5554-1 


V + 



Top View 

Order Number LH0020G or LH0020CG 
See NS Package Number G12B 


TL/H/5554-2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

(Note 3) 

Supply Voltage ±22V 

Power Dissipation 1 .5W 

Differential Input Voltage ± 30V 

Input Voltage (Note 1) ±15V 

Output Short Circuit Duration Continuous 

Operating Temperature Range 

LH0020 — 55°C to + 125°C 

LH0020C 0°Cto +85°C 

Storage T emperature - 65°C to + 1 50 6 C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 

ESD rating to be determined. 

Electrical Characteristics (Note 2) T m j n £ T A £ Tmax unless otherwise specified 




Parameter 

Conditions 

LH0020 

LH0020C 


Min 

Typ 






Rs ^ IOOH.Ta = 25°C Over Temp. 



m 

■ 



■ 

Input Offset 
Current 

Ta = 25°C Over Temp. 


10 

■EM 

■ 


m 


Input Bias 

Current 

Ta = 25°C Over Temp. 


60 

m 


200 

500 

800 

■ 

Supply Current 

V s = ±15V,T A = 25°C 



5.0 





Input Resistance 

T a = 25°C 

0.6 

1.0 






Large Signal 
Voltage Gain 

< < 
05 0) 

II II 

H- H- 

ui cn 
< < 

ID ID 
r~ i- 

II II 

CO CO 

o o 
o o 

p p 
< < 
o o 

II II 

H- H- 

o o 
< < 

II II 

25°C 

25°C 

100 

50 

300 




■ 

RKQn 

Output Voltage 
Swing 

V s = ± 1 5V, R l = 300n, Ta = 25 e C Over Temp. 

H 


■ 




V 

V 

Output Short 
Circuit Current 

V s = ±15V, R l = on, T a = 25°C 

■ 


130 





Input Voltage 
Range 

V s = ± 15V 

±12 


■ 


■ 

■ 

9 

Common-Mode 
Rejection Ratio 

Rs £ ioon 

90 

96 

■ 




dB 

Power Supply 
Rejection Ratio 

r s <; ioon 

90 

96 

■ 



■ 


Note 1: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: These specifications apply for ±5V £ Vs ^ ±22V for the LH0020, ±5V £ Vs £ ±18V for the LH0020C, pin 9 grounded, and a 5000 pF capacitor 
between pins 2 and 3, unless otherwise specified. 

Note 3: Refer to RETS0020G for LH0020G militiary specifications. 
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Typical Applications 


Offset Adjustment 
+15 



TL/H/5554-3 


Unity Gain Frequency Compensation 



300 pF 

TL/H/5554-4 
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LH0021/LH0021C/LH0041/LH0041C 



National 

Semiconductor 


LH0021/LH0021C 1.0 Amp Power Operational Amplifier 
LH0041/LH0041C 0.2 Amp Power Operational Amplifier 


General Description 

The LH0021 /LH0021 C and LH0041/LH0041C are general 
purpose operational amplifiers capable of delivering large 
output currents not usually associated with conventional 1C 
Op Amps. The LH0021 wil provide output currents in excess 
of one ampere at voltage levels of ± 12V; the LH0041 deliv- 
ers currents of 200 mA at voltage levels closely approach- 
ing the available power supplies. In addition, both the inputs 
and outputs are protected against overload. The devices 
are compensated with a single external capacitor and are 
free of any unusual oscillation or latch-up problems. 

Features 

■ Output current 1.0 Amp (LH0021) 

0.2 Amp (LH0041) 

■ Output voltage swing ±12V into 10a (LH0021) 

± 14V into 100fl (LH0041) 

■ Wide full power bandwidth 1 5 kHz 

■ Low input offset 

voltage and current 1 mV and 20 nA 


■ Low standby power 1 00 mW at ± 1 5V 

■ High slew rate 3.0V/jas 

■ High open loop gain 100 dB 

The excellent input characteristics and high output capabili- 
ty of the LH0021 make it an ideal choice for power applica- 
tions such as DC servos, capstan drivers, deflection yoke 
drivers, and programmable power supplies. 

The LH0041 is particularly suited for applications such as 
torque driver for inertial guidance systems, diddle yoke driv- 
er for alpha-numeric CRT displays, cable drivers, and pro- 
grammable power supplies for automatic test equipment. 
The LH0021 is supplied in a 8-pin TO-3 package rated at 20 
watts with suitable heatsink. The LH0041 is supplied in both 
12-pin TO-8 (2.5 watts with clip on heatsink) and a power 8- 
pin ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the temperature 
range of -55°C to +125°C while the LH0021C and 
LH0041C are guaranteed from -25°C to +85°C. 


Schematic and Connection Diagrams 



TL/K/10115-1 


*Rsc external on “G” and “K” packages. Rsc internal 
on “J” package. Offset Null connections available 
only on “G” package. 


. 1 


Ty — 

8 N0N-INV. 

2 



INPUT 

7 INV. 

5 3 



INPUT 




-—OUTPUT 

—COMP. 



Top View 



TL/K/101 15-22 


Order Number LH0041CJ 
See NS Package Number HY08A 


CASE IS 
OUTPUT 



TL/K/101 15-2 

Top View 

Order Number LH0021K or LH0021CK 
See NS Package Number K08A 

COMP. 



Order Number LH0041G or LH0041CG 
See NS Package Number G12B 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Output Short Circuit Duration (Note 3) 

please contact the National Semiconductor Sales Operating Temperature Range 

Office/Distributors for availability and specifications. LH0021 /LH0041 

Supply Voltage ±18V LH0021C/LH0041C 

Power Dissipation See curves Storage T emperature Range 

Differential Input Voltage ± 30V Lead T emperature (Soldering, 1 0 sec.) 

Input Voltage (Note 1 ) ± 1 5V 

Peak Output Current (Note 2) 

LH0021/LH0021C 2.0 Amps 

LH0041 /LH0041 C 0.5 Amps 

DC Electrical Characteristics forLH002i/LH002ic(Note4) 

Continuous 

- 55°C to + 1 25°C 
— 25°C to +85°C 

-65°C to +150°C 

300°C 

Parameter 

Conditions 

Limits 

Units 

LH0021 

LH0021C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

R s <; 100n,T c = 25°C 


1.0 

3.0 


3.0 

6.0 

mV 


r s <; loon 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

r s ^ ioon 


3 

25 


5 

30 

p,V/ 0 C 

Offset Voltage Drift with Time 



5 



5 


jaV/week 

Offset Voltage Change with Output Power 



5 

15 


5 

20 

juV/watt 

Input Offset Current 

T C = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T C = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

juA 

Input Resistance 

T C = 25°C 

0.3 

1.0 


0.3 

1.0 


Mn 

Input Capacitance 



3 



3 


PF 

Common Mode Rejection Ratio 

r s ^ ioon, av C m = ±iov 

70 

90 


70 

90 


dB 

Input Voltage Range 

V s = ±15V 

±12 



±12 



V 

Power Supply Rejection Ratio 

R s ^ ioon, AV S = ± 10V 

80 

96 


70 

90 


dB 

Voltage Gain 

V S = ± 15V, V 0 = ±10V 









R l = 1 kn, T c = 25°C, 

100 

200 


100 

200 


V/mV 


V s = ± 15V, V 0 = ± 10V 









r l = ioon 

25 



20 



V/mV 

Output Voltage Swing 

v s = ±15V, r l = ioon 

±13.5 

±14 


±13 

±14 


V 


V s = ±15V, R L = ion, Tc = 25°c 

±11.0 

±12 


±10 

±12 


V 

Output Short Circuit Current 

V s = ±15V,T C = 25°C, Rsc = 0.5n 

0.8 

1.2 

1.6 

0.8 

1.2 

1.6 

Amps 

Power Supply Current 

V S = ± 1 5V, V 0U t — 0 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption 

Vs = ± 15V, Vqut = 0 


75 

105 


90 

120 

mW 

AC Electrical Characteristics foru-ioo2i/LHoo2ic(T A = 25°c, v s = 

±15V,C c 

= 3000 pF) 



Slew Rate 

Ay = + 1 , R[_ = 1 00n 

0.8 

3.0 


1.0 

3.0 

! 

V/jLlS 

Power Bandwidth 

r l = ioon 


20 



20 


kHz 

Small Signal Transient Response 



0.3 

1.0 


0.3 

1.5 

jUS 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1 %) 

AV| N = 10V, A v = +1 


4 



4 


JUS 

Overload Recovery Time 



3 



3 


fJLS 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

R s = 50n, B. W. = 1 0 Hz to 1 0 kHz 


5 



5 


juV rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA rms 

i 
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LH0021 /LH002 1 C/LH004 1/LH0041C 



LH0021/LH0021C/LH0041/LH0041C 


DC Electrical Characteristics forLH004i/LH004ic(Note4) 



Limits 


Parameter 

Conditions 

LH0041 

LH0041C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s ^ 100ft, T A = 25°C 


1.0 

3.0 


3.0 

6.0 

mV 


r s ^ iooft 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

r s ^ iooft 


3 



5 


juV/°C 

Offset Voltage Drift with Time 



5 



5 


juV/week 

Offset Voltage Change with Output Power 



15 



15 


/xV/watt 

Offset Voltage Adjustment Range 

(Note 5) 


20 



20 


mV 

Input Offset Current 

T a = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 



Input Bias Current 

T a = 25°C 


100 

300 


200 

500 






1.0 



1.0 


Input Resistance 

T a = 25°C 

0.3 

1.0 


0.3 

1.0 


Mft 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

R s ^ 100ft, AV C m = ±10V 

70 

90 


70 

90 


dB 

Input Voltage Range 

V s = ± 15V 

±12 



±12 



V 

Power Supply Rejection Ratio 

R s ^ 100ft, AV S = ± 10V 

80 

96 


70 

90 


dB 

Voltage Gain 

V s = ± 15V, V 0 = ±10V 

R l = 1 kft, T a = 25°C 

V S = ± 15V, V 0 = ±10V 

100 

200 


100 

200 


V/mV 


R l = 100ft 

25 



20 



V/mV 

Output Voltage Swing 

V s = ± 15V, R L = 100ft 

±13.0 

±14.0 


±13.0 

±14.0 


V 

Output Short Circuit Current 

V s = ± 1 5V, T a = 25°C (Note 6) 


200 

300 


200 

300 

mA 

Power Supply Current 

V S = ±15V,V 0 ut = 0 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption 

V S = ±15V,V 0 UT = 0 


75^ 

105 


90 

120 

mW 

AC Electrical Character 

sties for LH0041/LH0041C (T a = 

= 25°C, V s — ± 

15V, C c = 3000 pF) 



Slew Rate 

A v = +1, Rl = 100ft 

1.5 

3.0 


1.0 

3.0 


V/fis 

Power Bandwidth 

R l = 100ft 


20 



20 


kHz 

Small Signal Transient Response 



0.3 

1.0 


0.3 

1.5 

JLtS 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1 %) 

AViisi = 10V, Av = +1 


4 



4 


jliS 

Overload Recovery Time 



3 



3 


JLtS 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

R s = 50ft, B.W. = 10 Hz to 10 kHz 


5 



5 


jLtV/rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA rms 

1 Note 1: Rating applies for supply voltages above ± 15V. For supplies less than ± 15V, rating is equal to supply voltage. 





Note 2: Rating applies for LH0041 G and LH0021 K with Rsc = Oft. 

Note 3: Rating applies as long as package power rating is not exceeded. 








Note 4: Specifications apply for V s = ±5V to ±18V, and -55°C <; T c £ + 125°C for LH0021K and LH0041G, and -25°C ^ T c ^ + 85°C for LH0021CK, 

j LH0041CG and LH0041CJ unless otherwise specified. Typical values are for 25°C only. 








Note 5: TO-8 “G” packages only. 









Note 6: Rating applies for “J” DIP package and for TO-8 “G” package with Rsc = 3.3ft. 
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SHORT CIRCUIT CURRENT (mA) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (±V) POWER DISSIPATION (W) 


Typical Performance Characteristics 


Power Deratlng-LH0021 



Safe Operating Area— LH0021 


Package Power Dissipation 
LH0041/LH0041C 




25 50 75 100 125 

-15 -10 -5 0 5 10 15 

0 25 50 75 100 125 150 

TEMPERATURE (°C) 

OUTPUT VOLTAGE (V) 

TEMPERATURE (°C) 


Open Loop Frequency 

Large Signal Frequency 

Output Voltage Swing 

Response 

Response 



■MMMW 

o 2 

0 

■iiiinii 

III 23111111 

IIIKS!!lllpa 

6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 

1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Ik 10k 100k 1M 

FREQUENCY (Hz) 

Voltage Follower Pulse 
Response 

No Load Supply Current 


Short Circuit Current vs 
Temperature LH0021/LH0021C 


0 5 10 15 20 25 30 35 

TIME (jis) 

5 10 15 

SUPPLY VOLTAGE (±V) 

20 

-75 -50 -25 0 25 50 75 100 125 150 

CASE TEMPERATURE (°C) 

Short Circuit vs 

Temperature LH0041/LH0041C 

Input Bias Current 


Voltage Gain 


175 LH0041 J & — J E5S, 

LH0041G W/R sc = 3.30, 
150 f- — 

125 

100 — 

LH0041G, R sc = 6.2fl^ZT 


50 -25 0 25 50 75 100 125 

CASE TEMPERATURE (°C) 



10 15 

SUPPLY VOLTAGE (±V) 



10 15 

SUPPLY VOLTAGE (±V) 







LH002 1 /LH002 1 C/LH004 1 /LH004 1 C 


Typical Performance Characteristics (Continued) 


Input Current 



-75 -50 -25 0 25 50 75 100 125 

CASE TEMPERATURE (°C) 


Input Voltage Range 



5 10 15 20 

SUPPLY VOLTAGE (tV) 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Distortion vs Frequency 



100 Ik 10k 100k 

FREQUENCY (Hz) 


TL/K/10115-5 


Typical Applications 


Programmable One Amp Power Supply 
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Typical Applications (Continued) 



Dual Tracking One Amp Power Supply 



TL/K/10115-8 





LH0021/LH0021C/LH0041/LH0041C 


Typical Applications (Continued) 


Two Way Intercom 

+15V 


Programmable High Current Source/Sink 




v OUT 


= 20mAA 


R1 + R2 

TL/K/101 15-11 


Power Comparator 


DC Servo Amplifier 

10k 



TL/K/101 15-12 



) SIZE 9 SERVO MOTOR 


TL/K/10115-13 


Auxiliary Circuits 


LH0021 Unity Gain Circuit with 
Short Circuit Limiting 


LH0041G Unity Gain with 
Short Circuit Limiting 




LH0041/LH0021 Offset Voltage Null 
Circuit (LH0041CJ Pin Connections 
Shown)* 
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TL/K/1 01 1 5—20 

Operation from Non-Symmetrical Supplies 


V">-i 



LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C 



National 

Semiconductor 


LH0022/LH0022C High Performance FET Op Amp 
LH0042/LH0042C Low Cost FET Op Amp 
LH0052/LH0052C Precision FET Op Amp 


General Description 

The LH0022/LH0042/LH0052 are a family of FET input op- 
erational amplifiers with very closely matched input charac- 
teristics, very high input impedance, and ultra-low input cur- 
rents with no compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally laser nulled 
LH0052 offers 500 juV maximum offset and 2 juV/°C offset 
drift. Input offset current is less than 500 femtoamps at 
room temperature and 500 pA maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but offer com- 
parable matching characteristics. All devices in the family 
are internally compensated and are free of latch-up and un- 
usual oscillation problems. The devices may be offset nulled 
with a single 10k trimpot with negligible effect in CMRR. 
The LH0022, LH0042 and LH0052 are specified for opera- 
tion over the -55°C to + 125°C military temperature range. 
The LH0022C, LH0042C and LH0052C are specified for op- 
eration over the -25°C to +85°C temperature range. 

The LH0022/LH0042/LH0052 family of 1C op amps are in- 
tended to fulfill a wide variety of applications for process 
control, medical instrumentation, and other systems requir- 
ing very low input currents and tightly matched input offsets. 
The LH0052 is particularly suited for long term high 


accuracy integrators and high accuracy sample and hold 
buffer amplifiers. The LH0022 and LH0042 provide low cost 
high performance for such applications as electrometer and 
photocell amplification, pico-ammeters, and high input im- 
pedance buffers. 

Special electrical parameter selection is available on special 
request. 

For additional application information and information on 
other National operational amplifiers, see Available Linear 
Applications Literature. 

Features 

■ Low input offset current— 500 femtoamps max (LH0052) 

■ Low input offset drift — 2 ju.V/°C typ (LH0052) 
n Low input offset voltage— 100 jaV typ 

■ High open loop gain— 100 dB typ 

■ Excellent slew rate — 3.0 V//xs typ 

■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with standard 1C op amps (TO-5 pack- 
age) 


Connection Diagrams 


Dual-ln-Line Package 



Order Number LH0022D, LH0022CD, LH0042D, 
LH0042CD, LH0052D or LH0052CD 
See NS Package Number D14E 


Order Number LH0042E 
See NS Package Number E20A 


Metal Can Package 

NC 



Order Number LH0022H, LH0022CH, LH0042H, 
LH0042CH, LH0052H or LH0052CH 
See NS Package Number H08D 

Leadless Chip Carrier 


v" 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage ±22V 

Power Dissipation (see Graph) 500 mW 

Input Voltage (Note 1) ±15V 

Differential Input Voltage (Note 2) ± 30V 

Voltage Between Offset Null and V - ± 0.5V 


Short Circuit Duration 
Operating Temperature Range 
LH0022, LH0042, LH0052 
LH0022C, LH0042C, LH0052C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


Continuous 

— 55°C to + 1 25°C 
-25°C to +85°C 
— 65°C to + 150°C 
300°C 


DC Electrical Characteristics forLH0022/LH0022C(Note3)T A = Tj(Max> 


Parameter 

Conditions 

Limits 

Units 

LH0022 

LH0022C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

R s ^ 100 kn,T A = 25°C 

V S = ±15V 


2.0 

4.0 


3.5 

6.0 

mV 

r s <; ioo kn, v s = ± isv 



5.0 



7.0 

mV 

Temperature Coefficient of 

Input Offset Voltage 

Rg <M 00 kn 


10 



15 


juV/°C 

Offset Voltage Drift with Time 



3 



4 


juV/week 

Input Offset Current 

(Note 4) 


0.2 

2.0 


1.0 

5.0 

pA 



2.0 



0.5 

nA 

Temperature Coefficient of 

Input Offset Current 


Doubles Every 10°C 

Doubles Every 1 0°C 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

(Note 4) 


5 

10 


10 

25 

pA 



10 



2.5 

nA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 10°C 

Doubles Every 10°C 


Differential Input Resistance 



1012 



1012 


n 

Common Mode Input Resistance 



1012 



1012 


n 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 

V s = ± 15V 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s ^ 10 kn, V| N = ± 10V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s £ 10 kn, ±5V £ V s £ ± 1 5V 

80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R l = 2kn, V 0 UT = ±iov 

T a = 25°C, V s = ±15V 

100 

200 


75 

160 


V/mV 

R l = 2kn, V 0 UT = ±10V 

V s = ± 15V 

50 



50 



V/mV 

Output Voltage Swing 

R l = 1 kn, T a = 25° c 

V s = ± 15V 

±10 

±12.5 


±10 

±12 


V 

Rl = 2kn, Vs = ±15V 

±10 



±10 



V 

Output Current Swing 

Vout = ±10V, T A = 25° C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 



25 



mm 


mA 

Supply Current 

V S =±15V 


2.0 

2.5 


mm 

2.8 

mA 

Power Consumption 

V s = ± 15V 



75 



85 

mW 
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LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C 










LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C 


DC Electrical Characteristics tor lhoo42/lhoo42c (Note 3> 




Limits 


Parameter 

Conditions 

LH0042 

LH0042C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

Rs ^ 100 k a 


5.0 

20 


6.0 

20 

mV 

Temperature Coefficient of 

Input Offset Voltage 

Rs ^ 100 kfl 


10 



15 


jmV/°C 

Offset Voltage Drift with Time 



7.0 



10 


/xV/week 

Input Offset Current 

(Note 4) 


1.0 

5.0 


2.0 

1 10 

pA 

Temperature Coefficient of 

Input Offset Current 


Doubles Every 10°C 

Doubles Every 1 0°C 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

(Note 4) 


10 

25 


15 

50 

pA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 10°C 

Doubles Every 1 0°C 


Differential Input Resistance 



1012 



1012 


a 

Common Mode Input Resistance 



1012 



1012 


a 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 


±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

r s <; io ka V| N = ± iov 

70 

86 


70 

80 


dB 

Supply Voltage Rejection Ratio 

R s ^ 10 ka ±5V <; V s ^ ±15V 

70 

86 


70 

86 


dB 

Large Signal Voltage Gain 

R s ^ 2 kfl, Vqut = ±10V 

50 

150 


25 

100 


V/mV 

Output Voltage Swing 

R l = 1 ka, T a = 25°C 

±10 

±12.5 


±10 

±12 


V 


R L = 2 ka 

±10 



±10 



V 

Output Current Swing 

Vqut - ±10V 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


a 

Output Short Circuit Current 



20 



20 


mA 

Supply Current 



2.5 

3.5 


2.8 

4.0 

mA 

Power Consumption 




105 



120 

mW 


DC Electrical Characteristics tor lhoo 52 /lhoo 52 c (Note 3) 




Limits 


Parameter 

Conditions 

LH0052 

LH0052C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s < 100 ka, Vs = + 15V 
T a = 25°C 


0.1 

1.0 


0.4 

2.0 

mV 


R s <100ka,V s = ± 1 5V 



2.0 



3.0 

mV 

Temperature Coefficient of 
Input Offset Voltage 

V s = 100 ka, V s = ±15V 


2.0 



5.0 


jxV/°C 

Offset Voltage Drift with Time 



2.0 



4.0 


jaV/week 

Input Offset Current 

(Note 4) 


0.01 

5.0 


0.02 

1.0 

pA 





500 



100 

pA 

Temperature Coefficient of 
Input Offset Current 


Doubles Every 10°C 

Doubles Every 1 0°C 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 
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DC Electrical Characteristics forLH 0052 /LH 0052 C(Note 3 ) (continued) 




Limits 


Parameter 

Conditions 

LH0052 

LH0052C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Bias Current 

(Note 4) 


0.5 

2.5 


1.0 

5.0 

pA 





2.5 



0.5 

nA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 10°C 

Doubles Every 10°C 


Differential Input Resistance 



1012 



1012 


a 

Common Mode Input Resistance 



1012 



1012 


a 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 

V s = ± 15V 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s ^ lOkft, V| N = ± 10V 

74 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s ^ 10 ka, ±5V <; V s ^ ± 15V 

74 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R[_ = 2 ka, Vqut = — 1 0 V 

V s = ± 15V, T a = 25°C 

100 

200 


75 

160 


V/mV 


r l = 2 ka, Vqut = ±iov 

Vs = ± 15V 

50 



50 



V/m V 

Output Voltage Swing 

R l = 1 ka, Ta = 25° c 

V s = ± 15V 

±10 

±12.5 


±10 

±12 


V 


R l = 2kn, V s = ±15V 

±10 



+ 10 



V 

Output Current Swing 

V 0U T= + 10V, T a = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


a 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

Vs = ± 15V 


3.0 

3.5 


3.0 

3.8 

mA 

Power Consumption 

> 

in 

+l 

II 

CO 

> 



105 



114 

mW 


AC Electrical Characteristics tor an amplifiers (t a = 25 °c,v s = ±isv) 




Limits 


Parameter 

Conditions 

LH0022/42/52 

LH0022C/42C/52C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Slew Rate 

Voltage Follower 

1.5 

3.0 


1.0 

3.0 


V/jlls 

Large Signal Bandwidth 

Voltage Follower 


40 



40 


kHz 

Small Signal Bandwidth 



1.0 



1.0 


MHz 

Rise Time 



0.3 

1.5 


0.3 

1.5 

JLLS 

Overshoot 



10 

30 


15 

40 

% 

Settling Time (0.1 %) 

AV, n = 10V 


4.5 



4.5 


JLLS 

Overload Recovery 



4.0 



4.0 


JLLS 
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AC Electrical Characteristics for all amplifiers (Ta = 25°C, Vs = ±15V) (Continued) 


Limits 


Parameter 

Conditions 

Input Noise Voltage 

R s = 10kn,fo = 10 Hz 


LH0022/42/52 


LH0022C/42C/52C 


Min Typ Max Min Typ Max 





55 


35 


nV/t/Hz 


nV/l/Hz 


nV/v/Hz 



BW = 10 Hz to 10kHz, R s = 10 kn 


12 



12 

Input Noise Current 

BW= 10 Hz to 10kHz 


<0.1 



<0.1 



Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Rating applies for minimum source resistance of 1 0 kn, for source resistances less than 1 0 kn, maximum differential input voltage is ± 5V. 

Note 3: Unless otherwise specified, these specifications apply for ±5V £ Vs ^ +20V and -55°C ^ Ta ^ + 125°C for the LH0022/42/52 and -25°C ^ Ta ^ 
+ 85°C for the LH0022C/42C/52C. Typical values are given for T A = 25°C. 

Note 4: Input currents are a strong function of temperature. Due to high speed testing they are specified at a junction temperature Tj = 25°C. Self heating will 
cause an increase in current in manual tests. 25°C spec is guaranteed by testing at 125°C. 


Auxiliary Circuits (Shown for TO-5 pin out) 


Offset Null 
v + 


Protecting Inputs from ± 150V Transients 




Note: All diodes are ultra low leakage. 


Boosting Output Drive to ±100 mA 



<1 




LH0002 OUTPUT 
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Typical Applications 


Low Drift Sample and Hold 


R1 
1 0K 



TL/K/5557- 


Picoamp Amplifier for pH Meters and Radiation Detectors 



ANALOG 

OUTPUT 


TL/K/5557-8 


TL/K/5557-10 



Typical Applications (Continued) 


Precision Subtractor for Automatic Test Gear 


I 1 



99K 




TL/K/5777-12 


-15V 


TL/K/5557-13 
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LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C 


Typical Performance Characteristics 

Input Offset Current 

Maximum Power Dissipation 



50 100 150 

TEMPERATURE ( C) 




25 45 65 85 105 125 

T- TEMPERATURE (°C) 

Input Offset Voltage 



-10 -6 -2 2 6 10 
COMMON MOOE INPUT VOLTAGE (V) 

Offset Error 




Common Mode Input Voltage 


Ik 10k 100k 1M 10M 

SOURCE RESISTANCE (ft) 

Stabilization Time of 
Input Offset Voltage from 




Input Bias Current vs 
Temperature 



25 45 65 85 105 125 

T- TEMPERATURE (°C> 

Offset Error 
(without Vqs Null) 


|i 
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-60 -20 20 60 100 140 

TEMPERATURE (°C> 

Total Input Noise Voltage* 


100K 1M 10M 100M 10005 

INPUT SOURCE RESISTANCE ( 12 ) 

Total Input Noise Voltage* 



10 100 Ik 10k 10 

FREQUENCY (Hz) 

Change in Input Offset 
Voltage Due to Thermal 
Shock vs Time 


i 

SI 


i 

£3 

■ 

■ 
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■ 
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■ 
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1 
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SUPPLY VOLTAGE (iV) 


0 12 3 4 

TIME FROM POWER APPLICATION (MIN) 


-20 0 20 40 60 SO 101 

TIME FROM HEAT APPLICATION (we) 


•Noise voltage includes contribution from source resistance. 
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Typical Performance Characteristics (Continued) 


Supply Voltage vs 
Supply Current 
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Voltage Gain 


Output Swing vs 
Supply Voltage 




4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE ( V) 

Output Voltage Swing 
vs Load Resistance 


10 15 

SUPPLY VOLTAGE (iV) 



5 10 15 20 

SUPPLY VOLTAGE ( V) 

Output Voltage Swing vs 
Frequency 


0.1 0.2 0.5 1.0 2.0 5.0 10 

LOAD RESISTANCE (k!2) 

Voltage Follower Large 
Signal Response 


5 10 15 20 25 30 

OUTPUT CURRENT (-mA) 



10k 100k H 

FREQUENCY (Hz) 


Transient Response 



Frequency Characteristics vs 
Ambient Temperature 



0 .200 .400 .600 

T(*i$> 


-60 -20 20 60 100 140 

TEMPERATURE! C) 



SUPPLY VOLTAGE (iVt 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


TL/K/5557-19 
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LH0024/LH0024C 


National 
Semiconductor 

LH0024/LH0024C High Slew 

General Description 

The LH0024/LH0024C is a very wide bandwidth, high slew 
rate operational amplifier intended to fulfill a wide variety of 
high speed applications such as buffers to A to D and D to A 
converters and high speed comparators. The device exhib- 
its useful gain in excess of 50 MHz making it possible to use 
in video applications requiring higher gain accuracy than is 
usually associated with such amplifiers. 

The LH0024/LH0024C’s combination of wide bandwidth 
and high slew rate make it an ideal choice for a variety of 
high speed applications including active filters, oscillators, 
and comparators as well as many high speed general pur- 
pose applications. 


Rate Operational Amplifier 


The LH0024 is guaranteed over the temperature range 

— 55°C to +125°C, whereas the LH0024C is guaranteed 

— 25°C to +85°C. 

Features 

■ Very high slew rate — 500 V/jas at Ay = +1 

■ Wide small signal bandwidth— 70 MHz 

■ Wide large signal bandwidth — 15 MHz 

■ High output swing— ± 12V into Ik 

■ Offset null with single pot 

■ Low input offset — 2 mV 

■ Pin compatible with standard 1C op amps 



Schematic and Connection Diagrams 


COMP/NULL 



Metal Can Package 

COMP /NULL 



TL/K/5552-2 

Top View 

Note: For heat sink use Thermalloy 2230-5 
series. 

Order Number LH0024H or 
LH0024CH 

See NS Package Number H08B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Supply Voltage ± 1 8V 

Input Voltage Equal to Supply 

Differential Input Voltage ± 5 V 

Power Dissipation 600 mW 


Operating Temperature Range 
LH0024 
LH0024C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


— 55°C to +125°C 
-25°C to + 85°C 
-65°C to + 1 50°C 
260°C 


DC Electrical Characteristics (Notei) 


Parameter 

Conditions 

LH0024 

LH0024C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

R s = 50ft, T a = 25°C 


2.0 

4.0 


5.0 

8.0 

mV 


Rg = 50ft 



6.0 



10.0 

mV 

Average Temperature 

v s = ±15 V,r s = son 








Coefficient of Input 
Offset Voltage 

— 55°C to 125°C 


-20 



-25 


JLtV/°C 

Input Offset Current 

T a = 25°C 


2.0 

5.0 


4.0 

15.0 

JLtA 





10.0 



20.0 

jllA 

Input Bias Current 

T a = 25°C 


15 

30 


18 

40 

ju,A 





40 



50 

jaA 

Supply Current 



12.5 

15 


12.5 

15 

mA 

Large Signal Voltage 

V s = ±15V, R l = Ik, T a = 25°C 

4 

5 


3 

4 


V/mV 

Gain 

V s = ±15V,R l = Ik 

3 



2.5 



V/mV 

Input Voltage Range 

V s = ± 15V 

±12 

±13 


±12 

±13 


V 

Output Voltage 

V s = +15V, R l = Ik, T a = 25°C 

±12 

±13 


±10 

±13 


V 

Swing 

V s = ± 15V, R L = Ik 

±10 



±10 



V 

Slew Rate 

V s = ± 15V, R L = Ik, 

Ci = C 2 = 30 pF, 

A v = + 1, T a = 25°C 

400 

500 


250 

400 


V//AS 

Common-Mode 

V s = ±15V, AV| N = ±10V, 


60 



60 


dB 

Rejection Ratio 

Rs = 50ft 





Power Supply 

±5V <; V s ^ ± 18V, 


60 



60 


dB 

Rejection Ratio 

Rs = 50ft 






Note 1: These specifications apply for Vs = ±15V and -55°C to + 125°C for the LH0024 and -25°C to + 85°C for the LH0024C. 
Note 2: Refer to RETS0024H for LH0024H military specifications. 


Frequency Compensation 


TABLE I 


Closed 
Loop Gain 

Cl 

c 2 

C 3 

100 

0 

0 

0 

20 

0 

0 

0 

10 

0 

20 pF 

1 PF 

1 

30 pF 

30 pF 

3 pF 


Frequency Compensation Circuit 


C3 



TL/K/5552-6 
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LH0024/LH0024C 


Typical Performance Characteristics 


Maximum Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE i C) 


Large Signal Frequency 
Response 




F 





i: 


I 


i 

V s = 

Cl = 

•15V 

C2 « 30 nF 


i 

R L “1K 

Vm.iJ III 




10K 100K 1M 10M 100M 

FREQUENCY (Hr) 


Open Loop Frequency 
Response 



10tt 100k 1M 10M 100M 

FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 


V 8 

-T A 

«i15 
■ 25*( 

~ 

~ 

C1 = 
_Rl“ 
Ay * 

C2 

IK 

+1 

30 

pF 

1 

[ r 








J 














1” 




_ 





l 

A. 








_v 

n 




0 100 200 300 400 500 

TIME (ns) 


Input Voltage vs Supply 



0 5 10 15 20 

SUPPLY VOLTAGE (-V) 



0 5 10 15 20 

SUPPLY VOLTAGE (• V) 


Supply Current vs 



46 8 10 12 14 16 18 

SUPPLY VOLTAGE (tV) 


Applications Information 

LAYOUT CONSIDERATIONS 

The LH0024/ LH0024C, like most high speed circuitry, is 
sensitive to layout and stray capacitance. Power supplies 
should be by-passed as near the device as is practicable 
with at least 0.01 juF disc type capacitors. Compensating 
capacitors should also be placed as close to device as pos- 
sible. 

COMPENSATION RECOMMENDATIONS 

Compensation schemes recommended in Table 1 work well 
under typical conditions. However, poor layout and long 
lead lengths can degrade the performance of the LH0024 or 
cause the device to oscillate. Slight adjustments in the val- 
ues for Cl , C2, and C3 may be necessary for a given layout. 
In particular, when operating at a gain of - 1 , C3 may re- 


Input Bias Current 
vs Voltage 



SUPPLY VOLTAGE (*V) 


TL/K/5552-7 


quire adjustment in order to perfectly cancel the input ca- 
pacitance of the device. 

When operating the LH0024/LH0024C at a gain of +1, 
the value of R1 should be at least 1 ktl. 

The case of the LH0024 is electrically isolated from the cir- 
cuit; hence, it may be advantageous to drive the case in 
order to minimize stray capacitances. 

HEAT SINKING 

The LH0024/LH0024C is specified for operation without the 
use of an explicit heat sink. However, internal power dissi- 
pation does cause a significant temperature rise. Improved 
offset voltage drift can be obtained by limiting the tempera- 
ture rise with a clip-on heat sink such as the Thermalloy 
2228B or equivalent. 
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LH0032/LH0032A/LH0032C/LH0032AC 


03 National 
jy| Semiconductor 

LH0032/LH0032A/LH0032C/LH0032AC 
Ultra Fast FET-Input Operational Amplifier 


General Description 

The LH0032/LH0032A is a high slew rate, high input imped- 
ance differential operational amplifier suitable for diverse 
application in fast signal handling. The high allowable differ- 
ential input voltage, ease of output clamping, and high out- 
put drive capability particularly suit it for comparator applica- 
tions. It may be used in applications normally reserved for 
video amplifiers allowing the use of operational gain setting 
and frequency response shaping into the megahertz region. 
The LH0032’s wide bandwidth, high input impedance and 
high output capacity make it an ideal choice for applications 
such as summing amplifiers in high speed D to A convert- 
ers, buffers in data acquisition systems and sample and 
hold circuits. Additional applications include high speed inte- 
grators and video amplifiers. The LH0032 and LH0032A are 
guaranteed for operation over the temperature range 
— 55°C to + 125°C, the LH0032C and LH0032AC are guar- 
anteed for — 25°C to +85°C. 


Features 

■ 500 V/jas slew rate 

■ 70 MHz bandwidth 

■ 10 12 n input impedance 

■ As low as 2 mV max input offset voltage 

■ FET input 

■ Offset null with single pot 

■ No compensation for gains above 50 

■ Peak output current to 100 mA 


Block Diagram 
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Absolute Maximum Ratings 

Supply Voltage, Vs ± 1 8V Operating Temperature Range, Ta 

Input Voltage, V| N ±V S LH0032G/AG/E -55°Cto + 125°C 

Differential Input Voltage ±30Vor ±2V S LH0032CG/ACG -25°Cto + 85°C 

Power Dissipation, Pq Operating Junction Temperature, Tj 1 75°C 

Ta = 25°C 1.5W, derate 100°C/Wto 125°C (Note 1) Storage Temperature Range -65°Cto +150°C 

Tq = 25°C 2.2W, derate 70°C/W to 125°C (Note 1) Lead Temp. (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics V§ = ± 1 5V, Tmin ^ Ta ^ Tmax unless otherwise noted (Note 2) (Ta = Tj) 


Symbol 

Parameter 

Toct finnHitinnc i 

LH0032A | 

LH0032AC 1 

LH0032 | 

LH0032C | 

Units 





Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Input Offset 
Voltage 


T a = Tj = 25°C 
(Note 3) 


1 

2 

5 


2 

5 

7 


2 

5 

10 


2 

15 

20 

mV 

AVos/ 

AT 

Average Offset 
Voltage Drift 


(Note 4) 


15 

30 


15 

30 


15 

50 


15 

50 

ju,V/°C 

los 

Input Offset 
Current 

V| N = 0 

Tj = 25°C (Note 3) 
T a = 25°C (Note 5) 



10 

250 

10 



30 

500 

3 



25 

250 

25 



50 

500 

5 

< < < 
Q. Q. C 

•b 

Input Bias 
Current 


Tj = 25°C (Note 3) 
T a = 25°C (Note 5) 



50 

1 

25 



150 

5 

10 



100 

1 

50 



500 

5 

15 

pA 

nA 

nA 

*V|NCM 

Input Voltage 
Range 


±10 

±12 


±10 

±12 


±10 

±12 


±10 

±12 


V 

CMRR 

Common Mode 
Rejection 
Ratio 

AV| N =±10V 

50 

60 


50 

60 


50 

60 


50 

60 


dB 

a VOL 

Open-Loop 

Voltage 

V o =±10V, 
f=1 kHz 

Tj = 25°C 

60 

70 


60 

70 


60 

70 


60 

70 


dB 


Gain 

R l = 1 k CL 
(Note 6) 


57 



57 



57 



57 




v 0 

Output Voltage 
Swing 

R L = i m 

±10 

±13.5 


±10 

±13 


±10 

±13.5 


±10 

±13 


V 

Is 

Power Supply 
Current 

;T a = 25°C, 

10=0 (Note 5) 


18 

20 


20 

22 


18 

20 


20 

22 

mA 

PSRR 

Power Supply 
Rejection 

AV S = 10V 
(±5 to ±15V) 

50 

60 


50 

60 


50 

60 


50 

60 


dB 


Ratio 


AC Electrical Characteristics v s 

= ± 1 5V, R L = 1 kn, Tj = 25°C (Note 7) 




Symbol 

Parameter 

Conditions | 

Min 

Typ 

Max 

Units 

Sr 

Slew Rate 

T 

II 

> 

< 

350 

500 


V/juS 

ts 

Settling Time to 1 % of Final Value 

A v = -1, AV|n = 20V 


100 




Settling Time to 0.1 % of Final Value 



300 


ns 

tR 

Small Signal Rise Time 

Aw = +1 AVim = IV 


8 

20 


*D 

Small Signal Delay Time 

ny i i| u v j|\j i v 


10 

25 



Note 1. In order to limit maximum junction temperature to +175 4 C, it may be necessary to operate with VS <±15V when Ta or Tc exceeds specific values 
depending on the Pq within the device package. Total Pq is the sum of quiescent and load-related dissipation. See applications notes AN-277, “Applications of 
Wide-Band Buffer Amplifiers” and AN-253, “High-Speed Operational-Amplifier Applications" for a discussion of load-related power dissipation. 

Note 2. LH0032AG/G are 100% production tested as specified at 25°C, 125°C, and -55°C. LH0032ACG/CG are 100% production tested at 25°C only. 
Specifications at temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level. 

Note 3. Specification is at 25°C junction temperature due to requirements of high-speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj =25 C. When supply voltages are ± 15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vqs may change one to several mV, and lg and Iqs will change significantly during warm-up. Refer to lg and los vs. temperature graph for expected 
values. 

Note 4. LH0032AG/G are 100% production tested for this parameter. LH0032ACG/CG are sample tested only. Limits are not used to calculate outgoing quality 
levels. AVos/AT is the average value calculated from measurements at 25°C and Tmax- 

Note 5. Measured in still air 7 minutes after application of power. Guaranteed thru correlated automatic pulse testing. 

Note 6. Guaranteed thru correlated automatic pulse testing at Tj = 25°C. 

Note 7. Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 

* Guaranteed by CMRR test condition. 
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Connection Diagrams 


OUTPUT 

COMPENSATION 


BALANCE/ 

COMPENSATION 


/00OYr 

rTVn -4 -out 


0©<H 


NC \ NC 

NC 


Order Number LH0032G, LH0032AG, 
LH0032CG or LH0032ACG 
See NS Package Number G12B 


Auxiliary Circuits 


Offset Null 

— v + 


INPUTS j I LH0032 OUTPUT 

V- 

TL/K/5265-15 


BALANCE/COMP. 


- BALANCE/COMP. 


INV. INPUT - 
NON-INV. INPUT - 


V 

39 36 



29 


21 

L 25 


- OUTPUT 


Order Number LH0032E 
See NS Package Number E48B 


Output Short Circuit Protection 
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Typical Performance Characteristics 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 



5 10 15 20 

SUPPLY VOLTAGE ( ±V) 


Input Voltage Range and Output 



0 5 10 15 20 

SUPPLY VOLTAGE |±V) 



100k 1M 10M 
FREQUENCY (Hz) 


100M 


Bode Plot (Unity Gain 



100k 1M 10M 
FREQUENCY (Hz) 


Large Signal Frequency 



1M 


10M 100M 


FREQUENCY (Hz) 


Common Mode Rejection 
Ratio vs. Frequency 

TTTTW 


III Vs="±15V 
H R L = 1k 




10k 100k 1M 10M 

FREQUENCY (Hz) 


Large Signal Pulse 



0 100 200 300 400 500 


TIME (ns) 


Large Signal Pulse 
Response 






urn 


f 



.Vs 

= ±15V 
= +10 


[ 



Av 





■Rl 

= 1 

k 






















t 








L 







1 

V — 













0 100 200 300 400 500 

TIME (ns) 


Normalized Input Bias and Offset 
Current vs. Junction Temperature 



JUNCTION TEMPERATURE ( c C) 


Normalized Input Bias 



0 2 4 6 8 10 

TIME FROM POWER TURN-ON (MINUTES) 


Total Input Noise 



10 100 Ik 10k 


FREQUENCY (Hz) 


TL/K/5265-2 

*Noise voltage includes contribution 
from source resistance. 
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typical Applications 


Unity Gain Amplifier 


8 pF-10 pF 



TL/K/5265-17 


100X Buffer Amplifier 



TL/K/5265-19 


10X Buffer Amplifier 


5 pF 



TL/K/5265-18 

Non-Compensated Unity Gain Inverter 


v 



TL/K/5265-20 



Typical Applications (Continued) 

High Speed Sample and Hold 


loon 




Applications Information 

POWER SUPPLY DECOUPLING 

The LH0032/LH0032A, like most high speed circuits, is sen- 
sitive to layout and stray capacitance. Power supplies 
should be by passed as near to pins 10 and 12 as practica- 
ble with low inductance capacitors such as 0.01 ju,F disc 
ceramics. Compensation components should also be 
located close to the appropriate pins to minimize stray 
reactances. 


INPUT CURRENT 

Because the input devices are FETs, the input bias current 
may be expected to double for each 1 1°C junction tempera- 
ture rise. This characteristic is plotted in the typical perform- 
ance characteristics graphs. The device will self-heat due to 
internal power dissipation after application of power thus 
raising the FET junction temperature 40-60°C above free- 
air ambient temperature when supplies are ±15V. The de- 
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LH0032/LH0032A/LH0032C/LH0032AC 


Applications Information (Continued) 

vice temperature will stabilize within 5-10 minutes after ap- 
plication of power, and the input bias currents measured at 
that time will be indicative of normal operating currents. An 
additional rise would occur as power is delivered to a load 
due to additional internal power dissipation. 

There is an additional effect on input bias current as the 
input voltage is changed. The effect, common to all FETs, is 
an avalanche-like increase in gate current as the FET gate- 
to-drain voltage is increased above a critical value depend- 
ing on FET geometry and doping levels. This effect will be 
noted as the input voltage of the LH0032 is taken below 
ground potential when the supplies are ±15V. All of the 
effects described here may be minimized by operating the 
device with Vg^ ± 1 5V. 

These effects are indicated in the typical performance 
curves. 

INPUT CAPACITANCE 

The input capacitance to the LH0032/LH0032C is typically 
5pF and thus may form a significant time constant with high 
value resistors. For optimum performance, the input capaci- 
tance to the inverting input should be compensated by a 
small capacitor across the feedback resistor. The value is 


strongly dependent on layout and closed loop gain, but will 
typically be in the neighborhood of several picofarads. 

In the non-inverting configuration, it may be advantageous 
to bootstrap the case and/or a guard conductor to the in- 
verting input. This serves both to divert leakage currents 
away from the non-inverting input and to reduce the effec- 
tive input capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

HEAT SINKING 

While the LH0032/LH0032A is specified for operation with- 
out any explicit heat sink, internal power dissipation does 
cause a significant temperature rise. Improved bias current 
performance can thus be obtained by limiting this tempera- 
ture rise with a small heat sink such as the Thermalloy No. 
2241 or equivalent. The case of the device has no internal 
connection, so it may be electrically connected to the sink if 
this is advantageous. Be aware, however, that this will affect 
the stray capacitances to all pins and may thus require ad- 
justment of circuit compensation values. 

For additional applications information request Applica- 
tion Note AN-253 . 
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National 

Semiconductor 


LH0044 Series Precision Low Noise 
Operations! Amplifiers 


General Description 

The LH0044 Series is a low noise, ultra-stable, high gain, 
precision operational amplifier family intended to replace ei- 
ther chopper-stabilized monolithic or modular amplifiers. 
The devices are particularly suited for differential mode, in- 
verting, and non-inverting mode applications requiring very 
low initial offset, low offset drift, very high gain, high CMRR, 
and high PSRR. In addition, the LH0044 Series’ low initial 
offset and offset drift eliminate costly and time consuming 
null adjustments at the systems level. The superior perform- 
ance afforded by the LH0044 Series is made possible by 
advanced processing and testing techniques, as well as ac- 
tive laser trim of critical metal film resistors to minimize off- 
set voltage and drift. Unique construction eliminates thermal 
feedback effects. 

The LH0044 Series is an excellent choice for a wide range 
of precision applications including strain gauge bridges, 
thermocouple amplifiers, and ultrastable reference ampli- 


fers. The LH0044 is guaranteed over the temperature range 
of — 55°C to +125°C, and the LH0044AC, LH0044B, and 
LH0044C are guaranteed from -25°C to +85°C. The de- 
vice is available in standard TO-5 op amp pin out and is 
compatible with LM108A, LM725, and LM741 type amplifi- 
ers. 


Features 

0 Low input offset voltage 25j nV max 

□ Excellent long-term stability ± 1 jliV/ month max 

□ Low offset drift 0.5juA//°C max 

0 Very low noise 0.7jaVp-p max 0.1 Hz to 10 Hz 

□ High CMRR and PSRR 120 dB min 

□ High open loop gain 120 dB min 

□ Wide common-mode range ±13V min 

0 Wide supply voltage range ±2V to ±20V 
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LH0044 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 6) 

Supply Voltage ± 20V 

Power Dissipation 600 mW 

Differential Input Voltage (Note 4) ± 1 V 

Input Voltage (Note 5) ± 1 5V 

DC Electrical Characteristics (Note d 


Output Short-Circuit Duration 
Operating Temperature Range 
LH0044 

LH0044AC, LH0044B, LH0044C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


Continuous 

— 55°C to + 1 25°C 
— 25°C to +85°C 
— 65°C to + 1 50°C 
260°C 




Limits 


Parameter 

Conditions 

LH0044AC 

LH0044/ 

LH0044B/LH0044C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

T a = 25°C, R s = 50n, V C m = 0V 


8 

25 


12 

50 

p.v 


LH0044C Only 






100 

jaV 

Input Offset Voltage 

R S = 50 ft, V CM = 0V 



55 



180 



LH0044A and LH0044B Only 



75 



80 

p.v 

Average Input Offset 

^Min ^ T A ^ Tm sx 


0.1 

0.5 


0.2 

1.3 

juV/°C 

Voltage Drift 

LH0044B Only 






0.5 

juV/°C 

Long-Term Stability 

(Note 2) 


0.2 

1 




1^ 

Input Noise Voltage (Note 3) 

BW = 0.1 Hz to 10 Hz, R S = 50H 


0.35 

0.7 






Rs= 10 kfl Imbalance 


0.50 

0.9 





Thermal Feedback Coefficient 








jutV/mW 

Open Loop Voltage Gain 

R L = 10 kfl 

BE! 1 

145 


B9 



dB 

Common-Mode Rejection Ratio 

-10V <: V C m^ +iov 

BESi 



m 



dB 

Power Supply Rejection Ratio 

±3V ^ V s ^ ± 18V 

BMI 



m 



dB 

Input Voltage Range 


BEE! 






V 

Output Voltage Swing 

r l = io kn 




Bin 



V 

Input Offset Current 

25°C ^ T A ^ TMax 







nA 


"^Min ^ T A < 25°C 







nA 

Average Input Offset 

Current Drift 



5 

40 






pA/°C 

Input Bias Current 

25»C ST A S T Max 



D 




nA 


Twin ^ < 25°C 






BfSl 

nA 

Average Input Bias Current Drift 



50 

ESS 



600 


Differential Input Impedance 


5 




8 


M Cl 

Common Mode Input Impedance 








CL 

Supply Current 

Il = o 


0.9 

3.0 


1.0 


mA 

Power Dissipation 



27 

90 


30 

120 

mW 
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AC Electrical Characteristics t a = 25 °c, v s = ±isv 


Parameter 

Conditions 

Typ 

Units 

Input Noise Voltage 

R s = 1 kn,f 0 = 10 Hz 

11 

nVAfHz 


Rs = 1 kft, fo = 1 kHz 

9 

nV/>/Hz 

Slew Rate 

A v = +1 ,Rl= 10kn,V| N = ±10V 

0.06 

V//XS 

Large Signal Bandwidth 

Ay = +1, R L = 10kn,V| N = ±10V 

1 


Overload Recovery Time 

A v = + 1 00, V| N = - 1 00 mV, AV| N = 200 mV 

5 

JllS 

Small Signal Bandwidth 

A v = +1,Rl = io kn 

400 

kHz 

Small Signal Rise Time 

Ay = +1,R L = 10kn,V| N = 10 mV 

2.5 

JLtS 

Overshoot 

Ay = +1,R L = 10kn, V|N = 10mV,C L = 100 pF 

10 

% 


Note 1: All specifications apply for all device grades, at Vs = ± 15V, and from T^in to TMax unl0 ss otherwise specified. T^in is -55°CandTMaxis + 125°Cforthe 
LH0044. T^jn is -25°C and T^ax is +85°C for the LH0044AC, LH0044B and LH0044C. Typicals are given for Ta = 25°C. 

Note 2: This parameter is not 100% tested; however, 90% of the devices are guaranteed to meet this specification after one month of operation and after initial 
turn-on stabilization. 

Note 3: Noise is 100% tested on the LH0044AC and LH0044B only. 90% of the LH0044 and LH0044C devices are guaranteed to meet this specification. 

Note 4: The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow for differential input voltages in excess of IV. Input 
current should be limited to less than 1 mA. 

Note 5: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 6: Refer to RETS0044AH for LH0044AH military specifications and RETS0044H for LH0044H military specfifications. 



3-181 


LH0044 















INPUT BIAS CURRENT (nA) TOTAL NOISE VOLTAGE (nVA/Hz) 


Typical Performance Characteristics 



FREQUENCY (Hz) 


SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


Input Bias Current vs Common- 
Mode Input Voltage 
11 

10.5 

10 

9.5 

0.0 

7.5 

-15 -10 -5 0 5 10 15 


V 

T 

s«±15 

»=25° 

V 

C 









-J 























1 


COMMON-MODE INPUT VOLTAGE (V) 


Supply Current vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 


Open Loop Frequency 
Response 

160 
140 
S 120 

I 100 

« 

E 80 

a 

§ 60 
o 

=* 40 

20 
0 

0.01 0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hi) 



Large Signal Voltage 
Response 



100 Ik 10k 100k 

FREQUENCY (Hz) 



Large Signal Pulse 
Response 



0 0.2 0.4 0.6 0.8 1.0 \2 1.4 
TIME (ms) 


Power Supply Rejection 



0.1 1 10 100 Ik 

FREQUENCY (Hz) 


CMRR vs Frequency 



0.1 1 10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Maximum Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


TL/K/5551 -3 


82 







Applications Information 

LOW DRIFT CONSIDERATIONS 

Achieving ultra-low drift in practical applications requires 
strict attention to board layout, thermocouple effects, and 
input guarding. For specific recommendations refer to 
AN-63 and AN-79. 

A point worth stressing with regard to low drift specifications 
is testing of the LH0044. Simply stated — it is virtually impos- 
sible to test the device using a thermoprobe or other form of 
local heating. A one degree centigrade temperature gradi- 
ent can account for tens of microvolts of virtual offset (or 
drift). The test circuit of Figure 1 is recommended for use in 
a stabilized oven or continuously stirred oil bath with the 
entire circuit inside the oven or bath. Isothermal layout of 
the resistors is advised in order to minimize thermocouple 
induced EMF’s. 

OVER COMPENSATION 

The LH0044 may be overcompensated in order to minimize 
noise bandwidth by paralleling the internal 100 pF capacitor 
with an external capacitor connected between pins 1 and 6. 
Unity gain frequency may be predicted by: 

_ 4 x 10-5 

f ~ 100pF + C ext pF (Hz) 


COMPENSATION 

For closed loop gains in excess of 10, no external compo- 
nents are required for frequency stability. However, for gains 
of 10 or less, a 0.01 /xF disc capacitor is recommended be- 
tween pin 7 (V+) and pin 8 (Comp). An improvement in ac 
PSRR will also be realized by use of the 0.01 /xF capacitor. 

OFFSET NULL 

In general, further nulling of LH0044 is neither necessary 
nor recommended. For most applications the specified ini- 
tial offset is sufficient. 

However, for those applications requiring additional null, an 
obvious temptation might be to place a pot between pins 1 
and 8 with the wiper returned to V + . This technique will 
usually result in reduced gain and increased offset drift due 
to mismatch in the TCR of the pot and R1 and R2. The 
technique is, therefore, not generally recommended. 

The recommended technique for offset nulling the LH0044 
is shown in Figure 2. Null is accomplished in A 2 and all 
errors are divided by the closed loop gain of the LH0044. 
Additional offset and drift incurred due to the use of A 2 is 
less than IjxV/V for V+ and V~ changes and 0.01 jliV/°C 
drift for the values shown in Figure 2. 


1 
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LH0044 


Typical Applications 

Buffered Output for Heavy Loads 

Rf 



TL/K/5551-6 


XI 000 Instrumentation Amp 



) Vqut 


Gain = g m R L 

£ 0.2 X 103 (Ri + R 2 ) for V| N £ 10 mV 
* Wire-wound resistors 

TL/K/5551 -7 


Precision Dual Tracking Regulator 



TL/K/5551 -8 

* Wire-wound for minimum drift. 

Line and load regulation £ 0.005% 
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Typical Applications (Continued) 



TL/K/5551-9 


Precision Instrumentation Amplifier 


Overall 

Gain 

Input Stage 
Gain 

Output Stage 
Gain 

XI 

XI 

XI 

X2 

XI 

X2 

X5 

XI 

X5 

X10 

XI 0 

XI 

X20 

XI 0 

X2 

X50 

X10 

X5 

XI 00 

XI 00 

XI 

X200 

XI 00 

X2 

X500 

XI 00 

X5 

X995 

XI 99 

X5 


Noise Test Circuit 


0.1 Hz HIGH PASS FILTER 10 Hz LOW PASS FILTER 
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LH0044 


Noise Test Circuit (Continued) 


VERT: 200 nV/DIV 
HORiZ: 5 SEC/DI V 


TL/K/5551-12 



Connection Diagram 


Metal Can Package 

COMP 



Top View 

Case is electrically isolated 


TL/K/5551-2 


Note: Compensation is not normally required. However, for maximum stabili- 
ty, a 0.01 ju,F capacitor should be placed between pins 7 and 8 when device 
is used below closed loop gains of 10. 


Order Number LH0044H, LH0044CH, 
LH0044ACH or LH0044BH 
See NS Package Number H08B 
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National 

Semiconductor 


LH0045/LH0045C Two Wire Transmitter 


General Description 

The LH0045/LH0045C Two Wire Transmitters are linear in- 
tegrated circuits designed to convert the voltage from a sen- 
sor to a current, and send it through to a receiver, utilizing 
the same simple twisted pair as the supply voltage. 

The LH0045 and LH0045C contain an internal reference 
designed to power the sensor bridge, a sensitive input am- 
plifier, and an output current source. The output current 
scale can be adjusted to match the industry standards of 
4.0 mA to 20 mA or 1 0 mA to 50 mA. 

Designed for use with various sensors, the LH0045/ 
LH0045C will interface with thermocouples, strain gauges, 
or thermistors. The use of the power supply leads as the 
signal output eliminates two or three extra wires in remote 
signal applications. Also, current output minimizes suscepti- 
bility to voltage noise spikes and eliminates line drop prob- 
lems. 


The LH0045/LH0045C is intended to fulfill a wide variety of 
process control, instrumentation, and data acquisition appli- 
cations. The LH0045 is guaranteed over the temperature 
range of -55°C to + 125°C; whereas the LH0045C is guar- 
anteed from — 25°C to +85°C. 

Features 

■ High sensitivity > 10 jllA/jli V 

n Low input offset voltage 1 .0 mV 

■ Low input bias current 2.0 nA 

■ Single supply operation 10V to 50V 

■ Programmable bridge reference 5.0V to 30V 

(LH0045G) 

h Non-interactive span and null adjust 
m Over compensation capability 
b Supply reversal protection 



LH0045/LH0045C 




LH0045/LH0045C 


Absolute Maximum Ratings 




If Military/Aerospace specified devices are required, 

Power Dissipation 


please contact the National Semiconductor Sales 

LH0045G 

1.5W 

Office/Distributors for availability and specifications. 

Operating Temperature Range 


(Note 2) 


LH0045 

— 55°C to + 1 25°C 

Supply Voltage (LI to common) 

+ 50V 

LH0045C 

— 25°Cto +85°C 

Input Current 

+ 20 mA 

Storage Temperature Range 

— 65°C to + 1 50°C 

Input Voltage (Either Input to Common) 

0V to Vref 

Lead Temperature (Soldering, 10 sec.) 

+ 260°C 

Differential Input Voltage 

±20V 

ESD rating to be determined. 


Output Current (Either LI or L2) 

50 mA 



Reference Output Current 

5.0 mA 




Electrical Characteristics (Note i> 


Parameter 

Conditions 

Limits 

Units 

LH0045 

LH0045C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Vos) 

l s = 4.0 mA, T a = 25°C 

Is = 4.0 mA 


0.7 

2.0 

3.0 


2.0 

7.5 

10 

mV 

mV 

Offset Voltage Temperature 
Coefficient (AVos/AT) 

Is = 4.0 mA 


3.0 



6.0 


JU,V/°C 

Input Bias Current (Ib) 

T a = 25° C 


0.8 

2.0 

3.0 


1.5 

7.0 

10 

nA 

nA 

Input Offset Current (Iqs) 

T a = 25° C 


0.05 

0.2 

0.4 


0.2 

1.0 

1.5 

nA 

nA 

Open Loop 

Transconductance (gMOL) 

Als = 4.0 mA to 20 mA 

Als = 10 mA to 50 mA 

106 

2X106 

107 

2X107 


106 

2X106 

107 

2X107 


JU,fl 

fxfl 

Supply Voltage Range (Vs) 

LH0045G Pins 5 and 6 Open 

9.0 

15 


50 

50 

9.0 

15 


50 

50 

V 

V 

Input Voltage Range (Vin) 

LH0045G Pins 5 and 6 Open 

1.0 

1.0 


3.3 

7.6 

1.0 

1.0 


3.3 

7.6 

V 

V 

Open Loop Output 

Impedance (Rout) 

V s = 10V to 45V, l s =4.0 mA, 
T a = 25°C 


1.0 



1.0 


Mn 

Common Mode Rejection 

Ratio (CMRR) 

AV| N = 1.0V to 3.3V, 
l s = 12 mA 

0.1 

0.05 


0.1 

0.05 


mV/V 

Power Supply Rejection 

Ratio (PSRR) 

AV S = 10V to 45V, 
l s = 12 mA 

0.1 

0.01 


0.1 



mV/V 

Open Loop Supply 

Current (Isol) 

V s = 50V 


2.0 

3.0 


2.0 


mA 

Reference Voltage Load 
Regulation (AVref/AIref) 

AIref = 0 mA to 2.0 mA, 

T a = 25°C, 







% 

Reference Voltage Line 
Regulation (AVref/ AVs) 

AV S = 10V to 45 V, 

T a = 25°C 







mV/V 

Reference Voltage Temperature 
Coefficient (AVref^ AT) 

Iref = 2.0 mA 







%/°C 

Reference Voltage (Vref) 

Iref = 2.0 mA, T a = 25°C 
Iref = 2.0 mA, T a = 25°C, 
LH0045G Pins 5 and 6 Open 

4.3 

8.6 

5.1 

10.3 

5.9 

12 

4.3 

8.6 

5.1 

10.3 

5.9 

12 

V 

V 
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Electrical Characteristics (Note i) (continued) 


Conditions 

Limits 

Units 

LH0045 

LH0045C 


Min 

Typ 

Max 

Min 

Typ 

Max 


l s = 12 mA, T a = 25°C 

95 

100 

105 

95 

100 

105 

n 

Is = 12 mA 


50 

300 


50 

300 

PPM/°C 

l s = 1.0 mA, T a = 25°C 

950 

1000 

1050 

950 

1000 

1050 

a 

l s = 1.0 mA 


50 

300 


50 

300 

PPM/°C 

T a - 25°C 


50 



50 


Ma 


Parameter Conditions LH0045 LH0045C Units 

Min Typ Max Min Typ Max 

Resistor R9 l s = 12 mA, T A = 25°C 95 100 105 95 100 105 a 


Average Temperature l s =12mA 50 30Q pFWC 

Coefficient of R9 (TCRg) 

Resistor R5 l s = 1.0 mA, T A = 25°C 950 1000 1050 950 1000 1050 a 

Average Temperature l s = 1.0 mA 

Coefficient of R5 (TCR 5 ) 

Input Resistance (Rin) T a = 25°C 50 50 Ma 

Note 1: Unless otherwise specified, these specifications apply for +10V £ Vs ^ +50V, pin 5 shorted to pin 6 on the LH0045G, over the temperature range 
— 55°C to + 125°C for the LH0045 and -25°C to +85°C for the LH0045C. 

Note 2: Refer to RETS 0045G for LH0045G military specifications. 


Connection Diagram 


/ooo\ 

-O ©' 

^OGO^ 


v NON INVERTING 
INPUT (+) 


OVER 

COMPENSATION 


Top View 


*Note: Pin 5 is shorted to Pin 6 to obtain a 
Nominal +5.1V, Vref- Left open Vref - + 10V. 


The case is isolated from the circuit 
for both to 3 and to 8. 


Order Number LH0045G or LH0045CG 
See NS Package Number G12B 
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V REF - REFERENCE VOLTAGE (V) POWER SUPPLY REJECTION RATIO (dB) INPUT NOISE (nV/ v^Hz) 


Typical Performance Characteristics 



ir> 


LH0045G Maximum Power 
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TEMPERATURE ( # C) 


Safe Operating Area 
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FREQUENCY (Hz) 


Input Currents 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE CC) 


Power Supply Rejection 



10 100 1.0k 10k 100k 


Vref Line Regulation 



FREQUENCY (Hz) 


SUPPLY VOLTAGE (V) 


Vref v s Resistance Between 
Pin 5 and Pin 3 

26 
24 
22 
20 
18 
16 
14 
12 
10 



Open Loop Supply 
Current vs Temperature 



1.0k 10k 100k 


Open Loop 
T ransconductance 
vs Frequency 



FREQUENCY (Hz) 

Variation of Vref with 
Temperature Normalized 



-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE ( # C) 


Change in R9 with Temperature 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C| 


RESISTANCE BETWEEN PIN 5 AND PIN 3 (ft) 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( 9 C) 


TL/K/5556-3 





3-191 


LH0045/LH0045C 









3-192 











Applications Information 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045/LH0045C is shown in 
Figure 1. Differential amplifier, A2 converts very low level 
signals to an output current via transistor Q1. Reference 
voltage diode D1 is used to supply voltage for operation of 
A2 and to bias an external bridge. Current source h mini- 
mizes fluctuation in the bridge reference voltage due to 
changes in Mq. 

In normal operation, the LH0045/LH0045C is used in con- 
junction with an external bridge comprised of Rbi through 
Rb 4. The bridge resistors in conjunction with bridge return 
resistor, R5, bias A2 in its linear region and sense the input 
signal; e.g. Rb 4 might be a strain sensitive resistor in a strain 
gauge bridge. R T is adjusted to purposely unbalance the 
bridge for 4.0 mA output (null) for zero signal input. This is 
accomplished by forcing 2.5 jiA more through Rb 3 than 
R B 4- 

The 2.5 jaA imbalance causes a voltage rise of (2.5 juA) X 
(100ft) or 250 fj iV at the top of Rb 3- Terminal L2 may be 
viewed as the output of an op amp whose closed loop gain 

is approximately Rf/Rb3 = 1600. 

The 250 jaV rise at the top of Rb 3 causes a voltage drop of 
(1600) x (250 jaV) or -0.4V across R9. An output current, 
Is, equal to 0.4V/R9 or 4.0 mA is thus established in Q1. If 
Rb 4 is now decreased by 1 .Oft (due to application of a strain 
force), a -1.0 mV change in input voltage will result. This 
causes L2 to drop to -2.0V. The output current would then 
be 2.0V/100ft or 20 mA (Full Scale). If Rb 3 is a resistor of 
the same material as Rb 4 but not subjected to the strain, 
temperature drift effects will be equal in the two legs and will 
cancel. 

In actual practice the loading effects of Rb 2 on the gain 
(span) and Rp on output current must be taken into account. 


THERMAL CONSIDERATIONS 

The power output transistor of the LH0045 is thermally iso- 
lated from the signal amplifier, A2. Nevertheless, a change 
in the power dissipation will cause a change in the tempera- 
ture of the package and thus may cause amplifier drift. 
These temperature excursions may be minimized by careful 
heat sinking to hold the case temperature equal to the ambi- 
ent. With the TO-8 (G) package this is best accomplished by 
a clip-on heat sink such as the Thermalloy #2240A or the 
Wakefield #215-CB. The case is electrically isolated from 
the circuit. 

In addition, the power change can be minimized by operat- 
ing the device from relatively high supply voltages in series 
with a relatively high load resistance. When the signal 
forces the supply current higher, the voltage across the de- 
vice will be reduced and the internal power dissipation kept 
nearly equal to the low current, high voltage condition. 

For example, take the case of a 4.0 mA to 20 mA transmit- 
ter with a 24V supply and a 100ft load resistance. The pow- 
er at 4.0 mA is (23.6V) X (4.0 mA) = 94.4 mW while at full 
scale the power is (22V) X (20 mA) = 440 mW. The net 
change in power is 345 mW. This change in power will 
cause a change in temperature and thus a change in offset 
voltage of A2. 

If the optimum load resistance of 800ft (from Figure 2) is 
used, the power at null is [24V - (4.0 mA) x (800ft)] 
(4.0 mA) = 83 mW. The power at full scale is [24V - 
(20 mA) x (800ft)] (20 mA) = 160 mW. The net change is 
77 mW. This change is significantly less than without the 
resistor. 


I s = 4.0 mA (NULL, 0%) 

l s = 20 mA (100% FULL SCALE) 



FIGURE 1. LH0045 Simplified Schematic 


TL/K/5556-9 



3-193 
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LH0045/LH0045C 


Applications Information (Continued) 

If the supply voltage is increased to 48V and the load resist- 
ance chosen to be the optimum value from Figure 2 (1 .95k), 
then the power at null is [48V - (4.0 mA) x (1.95k)] 
(4.0 mA) = 160.8 mW and the power at full scale is [48 - 
(20) X (1.95k)] (20 mA) = 180 mW for a net change of 



0 10 20 30 40 50 60 

SUPPLY VOLTAGE (V) 

TL/K/5556-10 

FIGURE 2. Optimum Load Resistance vs Supply Voltage 

Note that the optimized load resistance is actually the sum 
of the line resistance, receiver resistances and added exter- 
nal load resistance. However, in many applications the line 
resistance and receiver resistances are negligible compared 
to the added external load resistance and thus may be omit- 
ted in calculations. 

AUXILIARY PINS 

The LH0045 has several auxiliary pins designed to provide 
the user with enhanced flexibility and performance. The fol- 
lowing is a discussion of possible uses for these pins. 
Programmable Vref— Pins 5 and 6 
The LH0045G provides pins 5 and 6 to allow the user to 
program the value of the reference voltage. The factory 
trimmed 10V value is obtained by leaving 5 and 6 open. A 
short between 5 and 6 will program the reference to a nomi- 
nal 5.1V. 

A resistor or pot may be placed between pin 5 and common 
(pin 3) to obtain reference voltages between 1 0V and 30V 
or between pin 5 and pin 7 for reference voltages below 
10V. Increased reference voltage might be useful to extend 
the positive common mode range or to accommodate trans- 
ducers requiring higher supply voltage. A plot of resistance 
between pin 5 and pin 3 versus Vref is given in the typical 
electrical characteristics section. Vref may be adjusted 
about its nominal value by arranging a pot from Vref to 
common and feeding a resistor from the wiper into pin 5 so 
that it may either inject or extract current. Lastly, pin 5 may 
be used as a nominal 1 .7V reference point, if care is taken 
not to unduly load it with either DC current or capacitance. 
Obviously, higher supply voltages must be used to obtain 
the higher reference values. The minimum supply voltage to 
reference voltage differential is about 4.0V. 


Bridge Return 

An applications resistor is provided in the LH0045 with a 
nominal value of 1.0 kft. The primary application for the 
resistor is to maintain the minimum common mode input 
voltage (1.0V) required by the signal amplifier, A 2 . A typical 
input application might utilize a strain gauge or thermistor 
bridge where the resistance of the sensor is 100ft. Since 
only 1.0 mA may be drawn from Vref. the 1-0 kft bridge 
return resistor is used to bias A 2 in its linear region as 
shown in Figure 3. 


1.0 mA 



TL/K/5556-11 

FIGURE 3. Use of Bridge Return 
Over Compensation— Pin 8 

Over compensation of the signal amplifier, A 2 , may be desir- 
able in DC applications where the noise-bandwidth must be 
minimized. A capacitor should be placed between pin 8 and 
pin 3, common. 

Typically, 


daD 2 ttR(Ci +C EX t) 

where: 

R = 400 Mft 

Cl = Internal Compensation Capacitor = 100 pF 
C E xt = External (overcompensation) Capacitor 

Input Guard— Pins 9 and 12 

Pins 9 and 12 have no internal connection whatever and 
thus need not be used. In some critical low current applica- 
tions there may be an advantage to running a guard conduc- 
tor between the inputs and the adjacent pins to intercept 
stray leakage currents. Pins 9 and 12 may be connected to 
this guard to simplify the PC board layout and allow the 
guard to continue under the device. (See AN-63 for further 
discussion of guarding techniques.) 

NULL AND SPAN ADJUSTMENTS 

Most applications of the LH0045 will require potentiometers 
to trim the initial tolerances of the sensor, the external resis- 
tors and the LH0045 itself. The preferred adjustment proce- 
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dure is to stimulate the sensor, alternating between two 
known values, such as zero and full scale. The span and 
null are adjusted by monitoring the output current on a chart 
recorder, meter, or oscilloscope. A full scale stimulus is ap- 
plied to the sensor and the span potentiometer adjusted for 
the desired full scale. Then, to adjust the null, apply a zero 
percent signal to the sensor and adjust the null potentiome- 
ter for the desired zero percent current indication. 

If it is impractical to cycle the sensor during the calibration 
procedure, the signal may be simulated electrically with two 
cautions: 1) the calibration signal must be floating and 2) the 
calibration thus achieved does not account for sensor inac- 
curacies and/or errors in the signal generator. 

SENSOR SELECTION 

Generally it is easiest to use an insulated sensor. If it is 
necessary to use a grounded sensor, the power supply must 
be isolated from chassis ground to avoid extraneous circu- 
lating currents. 

DESIGN EXAMPLE 

There are numerous circuit configurations that may be uti- 
lized with the LH0045. The following is intended as a gener- 
al design example which may be extended to specific 
cases. 

Circuit Requirements 

Output Characteristics 

a. 0% = 4.0 mA (NULL) 

b. 100% = 20 mA (SPAN = 16 mA) 

c. Supply Voltage = 24V 

Input (Sensor) Characteristics 

a. Vin = 100 mV (Full Scale) 

b. Vin = 0 mV (Zero Scale) 

c. Source Impedance £ 1 .0ft 


General Characteristics 

a. 0°C^T A £ +75°C 

b. Overall Accuracy ^ 0.5% 


Vref = 5.1V 
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FIGURE 4. Design Example Circuit 


Selection of Rp 

Input bias current to the LH0045C is guaranteed less than 
10 nA. Furthermore, the change in Ib over the temperature 
range of interest is typically under 1 .0 nA. If I 2 span is se- 
lected to be 1 .0 jaA (1000 AIb) errors due to AIb/AT will be 
less than 0.1 %. For SPAN = 16 mA. 


VsPAN = AVi = —(16 mA)(R9) = - 1.6V 
where R9 = Internal Current Set Resistor = 100ft. 
For l 2 SPAN = 1-0 /x A, 


D _ VSPAN 
i*F 1 

•2 SPAN 


-1.6V 
1.0 jliA 


= 1.6M 


R f = 1.6 Mft 

Note: For applications with DC gain (ratio of feedback and input resistance) 
less than 8, it is recommended that a Schottky barrier diode be con- 
nected between pin 1 1 (cathode) and pin 3 (anode). This prevents the 
possibility of latch up resulting from the inverting input being forced 
beyond the amplifier supply voltage during power up. 

Selection of Rbi and Rb 2 

The minimum input common mode voltage, Vmin required at 
the pin 1 0 input of A 2 is 1 .0V. Furthermore, the maximum 
open loop supply current (Isol) drawn by the LH0045 is 
3.0 mA. That leaves Imin = 4.0 mA ~ 3.0 mA = 1.0 mA left 
to bias the bridge at null. Hence: 


Rb2 ^ 


Vmin . 
•min 


1.0V 
1.0 mA 


1.0 kft 


And, 


VrefR B2 =10V 
Rbi + r B2 


Rbi = Rb 2 


Vref ~ i-ov 
i.ov 


= 1.0k (5.1 -1.0) 

Rbi — 4 -0 

Alternatively, an LM113, 1.22V reference diode, or an op 
amp such as the LM108 may be used to bias the signal 
amplifier, A 2 , as shown in Figure 5. These techniques have 
the advantage of lowering the impedance seen at pin 10. 

Selection of Rqs 

Rqs is selected to provide the null current of 4.0 mA, 
Vi null = 4.0 mA X 100ft = 0.4V. From previous calcula- 
tions we know that Vmin = 1.0V. The voltage pin 1 1, V 2 is: 

V2 = v M in + V 0 s = Vmin 


for V|n = OV 

Hence, the current required to generate the null voltage, 
•2 NULL is: 


<2 NULL = 
1.0V - 


v min ~ v i null 
Rf 

( — 0.4V) 


= 0.875 jaA 


1.6 Mft 

This current must be provided by Rqs from Vref; hence: 


r-» Vref ~ Vmin 

Ros = — : 

•2 null 
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FIGURE 5. Alternate Biasing Techniques 


The nominal value for Vref is 5.1V, therefore the nominal 
value for Rqs is: 

5.1V -1.0V 

or 

0.875 jxA 

Ros = 4.6 Mft 

It should be noted however, that the variation of Vref may 
be as high as 5.9V or as low as 4.3V. Furthermore, the 
tolerances of R9 (100ft), Rbi- Rb 2 > and the input Vos of A 2 
would predict values for Rqs as low as 3.98M and as high 
as 5.43M. The implication is that in the specific case, Rqs 
should be implemented with a pot, of appropriate value, in 
order to accommodate the tolerances of Vref. R9 > Vos. 
r bi» r B 2» etc. 

Selection of R 

SPAN is required to be 16 mA. From feedback theory and 
the gain equation we know: 

Rp 1 

| span = v in -x — 


where: 

R = Total impedance in signal path between 
pin 10 and pin 11 

R9 = Current setting resistor = 100ft 
V|n = Full scale input voltage = 100 mV 

. R = (Vin) ( r f) 

(■span ( r 9) 

(100 mV) (1.6 Mft) 

(16 mA) (100ft) 

R = 100 kft 

As before, uncertainties in device parameters might dictate 
that Rp be made a pot of appropriate value. 

Summary of the Steps to Determine External Resistor 
Values 


1 . Select Ifull SCALE = Inull + Ispan for the de- 
sired application. (Inull is frequently 4.0 mA and 
Ifull scale is frequently 20 mA.) 


2. Select I 2 span so that it is large compared to AIb- 
1000 AIb is a good value. 

3. Determine Vspan = AV 2 = Ospan) ( R9 )- 

4. Determine Rp = (Vspan/12 span) 

5. Select 


6. 


R B 2 ^ 


R B 2 ^ 


Vmin 

•min 

IV 


Inull - Isol 


Where: 

v min = minimum common mode input voltage 
•min = minimum available bridge current 
Isol = maximum open loop supply current 
Determine 


r-> r-, Vref “ V M | N 

R B1 = R B2 w 

Vmin 

7. Determine V 2 null = Inull R9 

8. Determine 


>2 NULL : 


Vmin ~ v 2 null 
Rf 


9. Determine 


R OS : 


: Vref ~ Vmin 

>2 NULL 


10. Determine 


n (Vin) (Rf) 

Ospan) ( R9 ) 

Where: 

Vin = Sensor full scale output voltage 
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ERROR BUDGET ANALYSIS 
Errors Due to Change in Vref (AVref) 

There are several factors which could cause a change in 
Vref- First, as the ambient temperature changes, a Vref 
drift of ±0.2 mV/°C might be expected. Secondly, supply 
voltage variations could cause a 0.5 mV/V change in Vref- 
Lastly, self-heating due to power dissipation variations can 
cause drift of the reference. 

An overall expression for change in Vref is: 

AVref = [(0)(APdiss) + at a ] 

V v ' 

Thermal Effects 


+ 


AVref 

V AV S 


(AVs) 


Supply Voltage Effects 


Where: 

9 = Thermal resistance, either 
junction-to-ambient or junction- 
to-case 

APdiss = Change in avg. power dissipation 
AT a = Change in ambient temperature 
AVrff 

— — - = Reference voltage drift (in mV/°C) 


AVref 

— — — = Line regulation of Vref 
AVs 

Several steps may be taken to minimize the bracketed 
terms in the equation above. For example, operating the 
LH0045G with a heat sink reduces the thermal resistance 
from 0j A = 83°C/W to 0\c ~ 60°C/W. The APdiss term 
may be significantly reduced using the power minimization 
technique described under “Thermal Considerations”. For 
the design example, APdiss is reduced from 384 mW to 
77 mW (R|_ = 800ft). Evaluating the LH0045G with a heat 
sink and R|_ = 800ft yields. 

/ 60°C \ ( 0.2 mV\ 

AVref = (0.077W) + 75°Cj J 


0.5 mV 
V 


(16V) 


AVref = 24 mV 

An expression for error in the output current due to AVref 
is: 


_Alc %) = 1 0 Q (K)(Ros)(AVref) ~ (1 ~ K)(AVref)(RF) 
■span ° (R9) (Ros) (IsPAN 


Where: 


AVref = Total change in Vref 
« = R B2 

Rbi + Rb2 

R9 = Current set resistor 

Ispan = Change in output current from 
0% to 100% 

For example, AVref = 24 mV, K = 0.2, R9 = 100ft, Ispan 
= 16 mA. Hence, a 0.12% worst case error might be ex- 
pected in output currents due to AVref effects. 

Error Due to Vqs Drift 

One of the primary causes of error in Is is caused by Vqs 
drift. Drift may be induced either by self heating of the de- 
vice or ambient temperature changes. The input offset volt- 
age drift, AVqs/AT, is nominally 3.3 /xV/°C per millivolt of 
initial offset. An expression for the total temperature depen- 
dent drift is: 


AVn<5 

AV 0S = [(0)(ap D iss)+ AT A ]— as 


Where: 


9 = Thermal resistance either junction- 
to-ambient or junction-to-case 

APdiss = Change in average power dissipation 

AT A = Change in ambient temperature 

The bracketed term may be minimized by heat sinking and 
using the power minimization technique described under 
“Thermal Considerations”. For the LH0045G design exam- 
ple, AVos = 0.352 mV under ambient conditions and 
0.263 mV using a heat sink and R|_ = 800ft. 

The error in output current due to AVos is: 

7— ^-(ln %)— 100X- A ±° -3 

'SPAN V| N (FULL SCALE) 

= 100 X — 

(R) (R9) (Ispan) 

For the design example, AVos = 0.263 mV, Vin (Full Scale) 
= 100 mV. Hence, 0.26 mV 100 mV or 0.26% worst 
case error could be expected in output current effects. 

Errors Due to Changes in R9 

The temperature coefficient of R9 (TCR) will produce errors 
in the output current. Changes in R9 may be caused by self- 
heating of the device or by ambient temperature changes. 

Als AR9 

: ( in %) = 1 00— r(0 Pdiss + AT a ) 

Ispan at 


Where: 


6 = Thermal resistance either from 

junction-to-ambient or junction-to- 
case 

APdiss = Change in average power dissipation 
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ATa = Change in ambient temperature 



Using the LH0045G design example, AR9/AT = 
0.03%/°C, hence a 3.2% worst case error in output current 
might be expected for operation without a heat sink over the 
temperature range. 

Heat sinking the device and using Rl = 800fl, reduces 
AIs/Ispan to 2.3%. 

The error analysis indicates that the internal current set re- 
sistor, R9, is inadequate to satisfy high accuracy design cri- 
terion. In these instances, an external 100H resistor should 
be substituted for R9. 

Obviously, the TCR of the resistor should be low. Metal film 
or wire-wound resistors are the best choice offering TCR’s 
less than 10 ppm/°C versus 50 ppm/°C typical drift for R9. 

External Causes of Error 

The components external to the LH0045 are also critical in 
determining errors. Specifically, the composition of resistors 
Rbi. r os» r f> r . etc. in the design example will influence 
both drift and long term stability. 

In particular, resistors and potentiometers of wire wound 
construction are recommended. Also, metal-film resistors 
with low TCR (<, 10 ppm/°C) may be used for fixed resistor 
applications. 

Error Analysis Summary 

The overall errors attributable to the LH0045 may be mini- 
mized using heat sinking, and utilization of an external load 
resistor. Although Rl reduces the compliance of the circuit, 
its use is generally advisable in precision applications. Ex- 
ternal components should.be selected for low TCR and long 
term stability. 

The design example errors, using an external 100H wire 
wound resistor for R9 equal: 


= 0.1 2% + 0.26% + 0.08% = 0.46% 

^ ^ ^ 

AVref ^os AR9 


SOCKETS AND HEAT SINKS 

Mounting sockets, test sockets and heat sinks are available 
for the G package. 


The following or their equivalents are recommended: 
Sockets: 

G — 12-Lead TO-8: Barnes Corp. #MGX-1 2 
Textool #212-100-323 

Heat Sinks: 

G — 12-Lead TO-8: Thermalloy #2240 A 
Wakefield #215-CB 

Definition of Terms 

Input Offset Voltage, Vqs= The voltage which must be ap- 
plied between the input terminals through equal resistances 
to obtain 4.0 mA of supply (output) current. 

Input Bias Current, Ir: The average of the two input cur- 
rents. 

Input Offset Current, Iqs: The difference in the current into 
the two input terminals when the supply (output) current is 
4.0 mA. 

Input Resistance, Rin: The ratio of the change in input 
voltage to the change in input current at either input with the 
other input connected to 1 .0 Vdo 
Open Loop Transconductance, 9mol : The ratio of the 
supply (output) current SPAN to the input voltage required 
to produce that SPAN. 

Open Loop Output Resistance, Rout : The ratio of a spec- 
ified supply (output) voltage change to the resulting change 
in supply (output) current at the specified current level. 
Common Mode Rejection Ratio, CMRR: The ratio of the 
change in input offset voltage to the peak-to-peak input volt- 
age range. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
change in input offset voltage to the change in supply (out- 
put) voltage producing it. 

Input Voltage Range, V|n: The range of voltages on the 
input terminals for which the device operates within specifi- 
cations. 

Open Loop Supply Current, Is: The supply current re- 
quired with the signal amplifier A 2 biased off (inverting input 
positive, non-inverting input negative) and no load on the 
Vref terminal. 

This represents a measure of the minimum low end signal 
current. 

Reference Voltage Line Regulation, AVref/ AV s: The ra- 
tio of the change in Vref to ^e peak-to-peak change in 
supply (output) voltage producing it. 

Reference Voltage Load Regulaion, AVref/AIref : The 
change in Vref for a stipulated change in Iref- 
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National 

Semiconductor 


LH0061/LH0061C 0.5 Amp 
Wide Band Operational Amplifier 


General Description 

The LH0061 /LH0061 C is a wide band, high speed, opera- 
tional amplifier capable of supplying currents in excess of 
0.5 ampere at voltage levels of ±12 V. Output short circuit 
protection is set by external resistors, and compensation is 
accomplished with a single external capacitor. With a suit- 
able heat sink the device is rated at 20W. 

The wide bandwidth and high output power capabilities of 
the LH0061/LH0061C make it ideal for such applications as 
AC servos, deflection yoke drivers, capstan drivers, and au- 
dio amplifiers. The LH0061 is guaranteed over the tempera- 
ture range -55°C to +125°C; whereas, the LH0061C is 
guaranteed from -25°C to +85°C. 


Features 

■ Output current 0.5A 

■ Wide large signal bandwidth 1 MHz 

■ High slew rate 70V/ju,s 

■ Low standby power 240 mW 

■ Low input current 300 nA Max 


Schematic and Connection Diagrams 


v* 



TL/K/6861-1 


TO-3 Package 

CASE IS 



Top View 


TL/K/6861-2 


Order Number LH0061CK 
See NS Package Number K08A 
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LH0061/LH0061C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 5) 

Supply Voltage ± 1 8V 

Power Dissipation See Curve 

Differential Input Current (Note 2) ± 1 0 mA 

Input Voltage (Note 3) ± 1 5V 


Peak Output Current 
Output Short Circuit Duration (Note 4) 
Operating Temperature Range 
LH0061 
LH0061C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


2A 

Continuous 

— 55°C to + 1 25°C 
— 25°C to +85°C 

— 65°C to + 1 50°C 

260° C 


DC Electrical Characteristics (Note ij 




Limits 


Parameter 

Conditions 

LH0061 

LH0061C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s ^ 10kn,T c = 25°C, V s = ± 15V 


1.0 

4.0 


3.0 

10 

mV 


R s ^ 10 kn, V s = ± 15V 



6.0 



15 

mV 

Voltage Drift with Temperature 

R s ^ 10 ka 


5 



5 


JLtV/°C 

Offset Voltage Change with Output Power 



5 



5 


jaV/watt 

Input Offset Current 

T C = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



1 



1 


nA/°C 

Input Bias Current 

T C = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

ju.A 

Input Resistance 

T c = 25°C 

0.3 

1.0 


0.3 

1.0 


Ma 

Input Capacitance 



3 



3 


PF 

Common Mode Rejection Ratio 

R s ^ 10 ka, AV C m = ±iov 

70 

90 


60 

80 


dB 

Input Voltage Range 

V s = ± 15V 

±11 



±11 



V 

Power Supply Rejection Ratio 

Rs^lOka, AV S = ± 10V 

70 

80 


50 

70 


dB 

Voltage Gain 

Vs = ±15V, V 0 = ± 10V 

R L = 1 ka, T c = 25°C 

V s = ± 1 5V, V 0 = ±10V 

50 

100 


25 

50 


V/mV 


r l = 20a 

5 



2.5 



V/mV 

Output Voltage Swing 

V s = ±15 V,R l = 20a 

±10 

±12 


±10 

±12 


V 

Output Short Circuit Current 

Vs = ±15V, Tc = 25°C, Rsc = 1.0a 


600 



600 


mA 

Power Supply Current 

V S = ±15V,V 0 ut = 0 


7 

10 


10 

15 

mA 

Power Consumption 

V s = +15V, Vqut = 0 


210 

300 



) PP| 

mW 
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AC Electrical Characteristics (t c = 25 c, v s = ±isv,c c = 3000 p f> 




Limits 


Parameter 

Conditions 

LH0061 

LH0061C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Slew Rate 

Ay = + 1 , R|_ = 1 00 fl 

25 

70 


25 

70 


V/jULS 

Power Bandwidth 

r l = 100a 


1 



1 


MHz 

Small Signal Transient Response 



30 



30 


ns 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV| N = 10V, Ay = +1 


0.8 



0.8 


jus 

Overload Recovery Time 



1 



1 


JLLS 

Harmonic Distortion 



0.2 



0.2 


% 


Note 1 : Specifications apply for ±5V ^ Vs ^ ±18V, Cq = 3000 pF, and -55°C £ Tc ^ +125°C for the LH0061K and -25°C <: Tq ^ +85°C for the 
LH0061CK. Typical values are for Tc = 25°C. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Excessive current will flow if a differential voltage in excess of IV is applied 
between the inputs without limiting resistors. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: Rating applies as long as package power rating is not exceeded. 

Note 5: Refer to RETS0061 K for LH0061 K military specifications. 


Typical Performance Characteristics 


Power Derating 



Safe Operating Area 






— 



V S = ±15V ■ 

Tc = 25‘C 

1 












\ 






T~ 





J 

jT 







T 







-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Large Signal Frequency 
Response 



0.5M 1M 2M 5M 10M 20M 50M 

FREQUENCY (Hz) 


TL/K/6861-3 


Typical Applications 


Unity Gain Driver 

IK 



AC Servo Amplifier 

90.9K 



TL/K/6861-5 
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LH0062/LH0062C 


National 
Semiconductor 

LH0062/LH0062C High Speed 
FET Operational Amplifier 

General Description 

The LH0062/LH0062C is a precision, high speed FET input 
operational amplifier with more than an order of magnitude 
improvement in slew rate and bandwidth over conventional 
FET 1C op amps. In addition it features very closely matched 
input characteristics, very high input impedance, and ultra 
low input currents with no compromise in noise, common 
mode rejection ratio or open loop gain. The device has inter- 
nal unity gain frequency compensation, thus assuring stabili- 
ty in all normal applications. This considerably simplifies its 
application, since no external components are necessary 
for operation. However, unlike most internally compensated 
amplifiers, external frequency compensation may be added 
for optimum performance. For inverting applications, feed- 
forward compensation will boost the slew rate to over 1 20 
V/jas and almost double the bandwidth. (See LB-2, LB-14, 
and LB-17 for discussions of the application of feed-forward 
techniques). Over-compensation can be used with the am- 
plifier for greater stability when maximum bandwidth is not 
needed. Further, a single capacitor can be added to reduce 
the 0.1% settling time to under 1 jus. In addition it is free of 
latch-up and may be simply offset nulled with negligible ef- 
fect on offset drift or CMRR. 


Schematic Diagram 


BALANCE /COMP 1 COMP 2 

1 I 




TL/K/6862-1 

*Pin Numbers Shown for TO-5 Package 


The LH0062 is designed for applications requiring wide 
bandwidth, high slew rate and fast settling time while at the 
same time demanding the high input impedance and low 
input currents characteristic of FET inputs. Thus it is particu- 
larly suited for such applications as video amplifiers, sam- 
ple/hold circuits, high speed integrators, and buffers for 
A/D conversion and multiplex system. The LH0062 is speci- 
fied for the full military temperature range of -55° to 
+ 125°C while the LH0062C is specified to operate over a 
-25°C to -F85°C temperature range. 


Features 

■ High slew rate 

■ Wide bandwidth 

■ Settling time (0.1%) 

■ Low input offset voltage 

■ Low input offset current 

■ Wide supply range 


70 V/jms 
15 MHz 

1 jus 

2 mV 
1 pA 

±5V to ±20V 


Internal 6 dB/octave frequency compensation 
Pin compatible with std 1C op amps (TO-5 pkg) 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 5) 

Supply Voltage ±20V 

Power Dissipation (see graph) 500 mW 

Input Voltage (Note 1 ) ± 5V 

Differential Input Voltage (Note 2) ± 30V 


Short Circuit Duration 
Operating Temperature 
LH0062 
LH0062C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


Continuous 

— 55°C to + 1 25°C 
-25°C to +85°C 
— 65°C to + 1 50°C 
260°C 


DC Electrical Characteristics (Note 3) 




Limits 


Parameter 

Conditions 

LH0062 

LH0062C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

Rg ^ 100 ka,T A = 25°C, 


2 

5 


10 

15 

mV 


R s <£ 100 ka 



7 



20 

mV 

Temperature Coefficient of 

Input Offset Voltage 

R s £ 100 ka 


25 



25 


jllV/°C 

Offset Voltage Drift with Time 



4 



5 


ju,V/week 

Input Offset Current 

T a = 25°C 


0.2 

2 


1 

5 

pA 





2 



0.2 

nA 

Temperature Coefficient of 

Input Offset Current 


Doubles every 10°C 

Doubles every 10°C 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

T a = 25°C 


5 

10 


10 

65 

pA 


(Note 4) 



10 



2 

nA 

Temperature Coefficient of 

Input Bias Current 


Doubles every 10°C 

Doubles every 1 0°C 


Differential Input Resistance 



1012 



1012 


a 

Common Mode Input Resistance 



1012 



1012 


a 

Input Capacitance 



4 



4 


PF 

Input Voltage Range 

< 

CO 

II 

1+ 

CO 

< 

±10 

±12 


±10 

±12 


V 

Common Mode Rejection Ratio 

R s ^ 10ka, V| N = ± 10V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

Rs ^ 10 ka, ±5V ^ Vs ^ ± 15V 

80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R l = 2ka, VouT = ±10V, 

T a = 25°C, Vs = ±15V 

50 

200 


25 

160 


V/mV 


R|_ = 2ka, Vqut = ± iov, 

V s = ±15V 

25 



25 



V/m V 

Output Voltage Swing 

R l = 2 ka, T a = 25°C, 

V s = ± 15V 

±12 

±13 


±12 

13 


V 


R l = 2ka, Vs = ± 15V 

±10 



±10 



V 

Output Current Swing 

V 0U T= ±10V,T A = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


a 

Output Short Circuit Current 

T a = 25°C 


25 



25 


mA 

Supply Current 

V S = ±15V 


5 

8 


7 

12 

mA 

Power Consumption 

< 

CO 

II 

l+ 

Ol 

< 



240 



360 

mW 
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LH0062/LH0062C 


AC Electrical Characteristics a A = 25 °c, v s = ±isv> 


Slew Rate 

Large Signal Bandwidth 
Small Signal Bandwidth 
Rise Time 
Overshoot 
Settling Time (0.1%) 
Overload Recovery 
Input Noise Voltage 
Input Noise Voltage 
Input Noise Voltage 
Input Noise Voltage 
Input Noise Voltage 
Input Noise Current 


Voltage Follower 
Voltage Follower 


AV|[sj = 10V 

R s = IQkn.fp = 10 Hz 

R s = lOkgfp = 100 Hz 

R s = 10kqf o = 1 kHz 

R s = 10 kfl, f 0 = 10 kHz 

BW = 10 Hz to 10 kHz, R s = 10 kft 
BW = 10 Hz to 10 kHz 


LH0062 


Min 

Typ 

Max 

Min 

50 

70 


50 


LH0062C 

Typ 


70 



V/jlis 


z 


MHz 


ns 


% 


JUbS 


JlS 

nV/l/Hz 

nVAy/Hz 

nV/i/Hz 

nV/t/Hz 

jaVrms 

pArms 


Note 1: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Inputs are protected from excessive voltages by back-to-back diodes. Input currents should be limited to 1 mA. 

Note 3: Unless otherwise specified, these specifications apply for ±5V £ Vs £ ±20V and -55°C £ Ta ^ + 125°C for the LH0062 and -25°C £ Ta ^ +85 °C 
for the LH0062C. Typical values are given for Ta = 25 6 C. Power supplies should be bypassed with 0.1 ju.F ceramic capacitors. 

Note 4: Input currents are a strong function of temperature. Due to high speed testing they are specified at a junction temperature T = 25°C , self heating will 
cause an increase in current in manual tests. 25°C spec is guaranteed by testing at 125°C. 

Note 5: Refer to RETS0062X for LH0062D and LH0062H military specifications. 


Connection Diagrams 

Metal Can Package 

COMP 2 


BALANCE/ 
COMP 1 


INVERTING 

INPUT 


NON-INVERTING 

INPUT 



BALANCE/ 
COMP 3 


Top View 

Order Number LH0062H or LH0062CH 
See NS Package Number H08D 


NC 

NC 

INVERT INPUT 
NC 

V" 

BALANCE/COMP 3 
COMP 2 


Dual-ln-Line Package 
.1 ^ Il4 


NC 

NC 

NON-INVERT INPUT 
NC 

BALANCE/COMP 1 

V + 

OUTPUT 


Top View 

Order Number LH0062D or LH0062CD 
See NS Package Number D14E 
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Typical Performance Characteristics 


Input Offset 

Maximum Power Dissipation Current vs T emperature 




0 50 100 150 200 25 45 65 85 105 125 


TEMPERATURE (' C) 


T- TEMPERATURE TO 


Input Bias 

Current vs Temperature 



25 45 65 85 105 125 

T- TEMPERATURE (“0 


Large Signal Frequency 



0.5M 1M 2M 5M 10M 20M 50M 


Voltage Follower 



0 200 400 600 800 


Open Loop Frequency 



225 


180 £ 
5 

135 ™ 
» 



0 


10 100 Ik 10k 100k 1M 10M 100M 


FREQUENCY (Hz) 


TIME (ns) 


FREQUENCY (Hz) 


Large Signal Frequency 



1M 3M 10M 30M 100M 

FREQUENCY (Hz) 


Inverter Pulse Response 



-0.1 0.1 0.3 0.5 0.7 0.9 


TIME (pi) 


Open Loop Frequency 
Response 



10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Inverter Settling Time 


llll 

■ 

i 


1JB9 

llll 


i 




I 

gs 

s 


1 


IE 

a 


III 



DSiil 

IIIIB 



0.03 0.1 0.3 1 3 

TIME Ois) 


Unity Gain Bandwidth 



TEMPERATURE (°C) 


Voltage Follower Slew Rate 



-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


TL/K/6862-4 
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LH0062/LH0062C 


Typical Performance Characteristics (Continued) 


Input Bias Current 
vs Input Voltage 


=== 

§=== 

eHP| 

■ii 

mini 

IIIIFJI 

S5ww 

iiiiniiii 

ill 

33 

mum 

i 

i 

in 

iimn 

iiinn 


SBi 

5 


-10 -6 -2 2 6 10 
COMMON MODE INPUT VOLTAGE (V) 


Total Input Noise 
Voltage* vs Frequency 


uiiiiii 

■ilium 

■■mini 

■■I 

ihiiiii i 


Will 

III? 

Ill 

111 

III 

ill 

nii; 1 


Total Input Noise Voltage* 
vs Source Resistance 





10 100 Ik 10k 100k 

FREQUENCY (Hi) 


Ik 10k 100k 1M 10M 

SOURCE RESISTANCE (<’> 


Voltage Gain 


« 11° ^=4— t a = _55x- 


105 T a = 125 C — f 


Common Mode Rejection 


Power Supply Rejection 






Ta 

= 25 C 

^■5 

S, 






s 

rj rusmvt — 
SUPPLY | 

i rj 

r 


L_ 

_ 





10 15 20 

SUPPLY VOLTAGE (*V) 


100 Ik 10k 100k 1M 10M 100 Ik 10k 100k 1M 10M 


Supply Current 



Current Limiting 



10 15 20 0 5 10 15 20 25 

SUPPLY VOLTAGE (-V) OUTPUT CURRENT (mA) 


Closed Loop Output 
Impedance 



5 10 100 Ik 10k 100k 1M 

FREQUENCY (Hi) 

TL/K/6862-5 

Noise Voltage Includes Contribution from Source Resistance 
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Auxiliary Circuits 


Feedforward Compensation for Greater 
Inverting Slew Ratet 


Offset Balancing 




Isolating Large Capacitive Loads 




Boosting Output Drive to ± 100 mA 



TL/K/6862-10 



Typical Applications 4 

Fast Voltage Follower 

Spf 


Fast Summing Amplifier 


Differential Amplifier 
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Typical Applications* (Continued) 


Video DC Restoring Amplifier 


R2 

10K 



•Pin numbers shown for TO-5 package 


TL/K/6862-18 


High Speed Positive Peak Detector 



Precision Integrator 



•Pin numbers shown for TO-5 package TL/K/6862-20 
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LH0062/LH0062C 


Typical Applications’" (continued) 

Precision Wide Range Current to Period Converter 



10" 11 10“ 9 10' 7 10 -5 10~ 3 


INPUT CURRENT (AMPS) 

TL/K/6862-21 



TL/K/6862-22 
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LH0082 Optical Communication Receiver/ Amplifier 


General Description 

The LH0082 is a general purpose, low-noise, fiber-optic re- 
ceiver, which may also be used as a fast current to voltage 
converter, or as a high speed voltage amplifier. The circuit 
includes a wide-bandwidth FET-input amplifier, a 2.4V refer- 
ence, a comparator with hysteresis, and all the necessary 
resistors and capacitors for feedback and coupling, all inte- 
grated in a hermetic dual-in-line package. The large gain- 
bandwidth of the preamp enables fast response even with 
high capacitance photodiodes. A separate analog output 
permits the reception of analog signals to 20 MHz via a 
fiber-optic link. The internal comparator converts a low level 
analog signal to a CMOS/TTL compatible logic signal at 
data rates up to 5 Mbits/s NRZ. The LH0082 can be used 
with an external comparator at data rates to 40 Mbits/s. 

Features 

ta Single 4.5V to 12V supply 
ea 600 MHz unity gain bandwidth 

□ Low noise 

□ Low edge jitter 

m <10 -9 bit error rate 


■ Low input bias current 

H Pin selectable sensitivity: -45 dBm/ -35 dBm* 

D CMOS/TTL compatibility 

n Can be used with photodiodes, PIN photodiodes, pho- 
totransistors, avalanche photodiodes, and photomultipli- 
ers 

■ Hermetic dual-in-line metal package 

■ Highly versatile building block 

■ >21 dB dynamic range 


Applications 


■ Data terminals 

a Secure communication 

■ Peripheral control/communication 

□ Video transmission 

□ Wideband amplifier 

□ High speed current to voltage converter 
H Fiber-optic repeater 

B Video amplifier 
h Industrial machine control 

"Assumes 0.5 A/W PIN diode input 
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LH0082 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature -65°Cto +150°C 

please contact the National Semiconductor Sales Operating Temperature Range (Note 2) 

Office/Distributors for availability and specifications. LH0082CD -25°C to + 85°C 

(Note 1) Lead T em p era t ure (Soldering, 10 sec.) 260°C 

Supply Voltage +15V | nputC urrent ±10mA 

Power Dissipation, T A - 25'C 0.5W ESD Susceptibility TBD 

Junction Temperature 150°C 

Electrical Characteristics Preamplifier: Power supply voltage = +5 Vdc. Ta = 25°C, see Figure 1 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Ib 

Input Bias Current 


100 

250 

pA 

C|N 

Input Capacitance 



5 

PF 

A V 

Voltage Gain 

50 

90 



^3 dB 

-3 dB Frequency 


18 



Vq 

Output Quiescent Voltage 

1.9 

2.1 

2.6 


AVq/AT 

Output Quiescent Voltage Drift 
with Temperature 


-6 



Zo 

Open Loop Output Impedance at 1 MHz 


30 




Output Noise (10 Hz to 10 MHz) 


300 



Vo 

Output Swing (No Load) 

3.5 

4.0 


Vp.p 


Transimpedance: 

Low Sensitivity 

High Sensitivity 

90 

0.9 

100 

1 

110 

1.1 

k CL 

MQ 

•s 

Supply Current 


22 

30 

mA 

Electrical Characteristics Comparator/Reference: Power supply voltage = + 5Vpc> Ta = 25°C, see Figure 2 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Rin 

Comparator Input Resistance 
(to Reference) 

0.90 

1 

1.10 

k n 

v HYST 

Hysteresis Voltage 

Positive 

Negative 

7 

5 

8.7 

6.9 

11.4 

8.8 

mV 

mV 

Ro 

Output Pull-up Resistor 

0.90 

1 

1.10 

kfl 

Vr 

Reference Voltage 

2.2 

2.4 

2.6 

V 

AVr/AT 

Reference Voltage Drift with 
Temperature 


-2 


mV/°C 

Ro (Vref) 

Reference Voltage Output 
Resistance 


15 


n 

VOL 

(l 0 L = 3.2 mA) 


0.3 

0.5 

V 

VOH 

(lOH = -1 mA) 

3.8 

4 


V 

t PD 

(V| N = 30 mV, V 0 d = 15 mV) 


160 



Tr 

(C L = 3pF) 


80 


ns 

Tf 

(C L = 3 pF) 


60 


ns 

•s 

Supply Current: 

Output High 

Output Low 


8 

13 

17 

22 

mA 

mA 



3-212 

















Electrical Characteristics Fiber-Optic Receiver: Photodiode responsivity is assumed to be 0.5 A/W, capaci- 
tance of 10 pF at 2.5V reverse bias, Vcc = 5V, Ta = 25°C, Cl = 1 5 pF 


Symbol 


High Sensitivity: Rp = 1 MH, 
(see Figure 3 ) 

Input Power for 10~ 9 BER 
(Bit Rate = 500 kbit NRZ) 

Analog Output Rise or Fall Time 
Maximum Data Rate, NRZ, 
Digital Output 


Noise Equivalent Power 



Note 1: Refer to RETS0082D for LH0082D/883 and LH0082D-MIL specifications. 
Note 2: For military temperature range, see RETS0082D. 

DIGITAL EDGE JITTER 

A potential problem in digital transmission systems is “edge 
jitter’’. Jitter is related to the system rise time and receiver 
noise and can be approximated by the following equation: 

RMS edge _ System rise time (10%-90%) 

jitter (p/p signal voltages RMSnoise 
voltage in receiver) 


For a 5 Mbits/s NRZ operation using a 0.5 A/W PIN diode, 
the LH0082 requires a 2 jaW peak optical power. This trans- 
lates to 120 mV peak-to-peak signal voltage. Following 
through this equation the RMS edge jitter of the LH0082 is 
inconsequential at approximately 0.1 jus. 


Fiber-Optic Receiver Preamp Response 

R F =100ka 

Photodiode capacitance = 10 pF, Vcc = 5V 




Optical Input 


Preamp output 
(20mV/div) 


Time (lOns/div) 
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LH0082 


Preamp Voltage Mode Pulse Response 


Input 
(1 mV/div) 

Output 
(20 mV/div) 


Small Signal 


TL/H/9325-5 




Optical Input 


Preamp output 
(20 mV/div) 


Time (10 ns/div) 


TL/H/9325-6 


Input 

(10 mV/div) 

Output 
(200 mV/div) 



IQmV 


Large Signal 


TL/H/9325-7 
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Typical Performance Characteristics 



Reference Voltage 



4 5 6 7 8 9 10 

COMPARATOR SUPPLY VOLTAGE (V) 



PREAMP SUPPLY VOLTAGE (V) 



4 5 6 7 8 9 10 

PREAMP SUPPLY VOLTAGE 



1 5 I I I I 1 I 1 I 1 1 

- 55 - 35-15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


Comparator Supply 



SUPPLY VOLTAGE (V) 


Comparator Output 



Preamp Input Spot 



Preamp Open Loop Voltage 



SUPPLY VOLTAGE (V) 



COMPARATOR SUPPLY VOLTAGE (V) 


Preamp Output Voltage 



0 1 2 3 4 5 6 7 8 9 10 

PREAMP SUPPLY VOLTAGE (V) 



SUPPLY VOLTAGE (V) 


TL/H/9325-8 
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LH0082 


Typical Performance Characteristics 

Comparator Output 



TL/H/9325-9 

Applications Information 

The gain-bandwidth of the LH0082 preamp is nearly 2 GHz, 
thus good bypassing of the supply voltage is necessary; a 
3.3 juF tantalum capacitor in parallel with a 0.01 juF ceramic 
disc is recommended, placed as close as possible to the 
device pins. 

Careful shielding of pins 2, 13 and 14 is necessary if the 
LH0082 is used in a high noise environment. Minimize stray 
capacitance to pin 14 from ground, Vcc or pin 3 to avoid 
slowing overall circuit response. Choose the lowest capac- 


(Continued) 

itance photodiode possible for the application. When using 
phototransistors, only the collector-base junction should be 
used for fastest response. Additional sensitivity may be 
gained by using a phototransistor in the transistor mode, 
although this will result in slower circuit response, and poor 
DC stability due to beta multiplication of the dark current of 
the phototransistor. Avoid capacitive loading at the output of 
the comparator to achieve maximum data rates. 

Avalanche photodiodes can be used for improved sensitivity 
and speed. Overall speed is limited by the internal compara- 
tor. Use of an external comparator such as the LM160 will 
enable the full speed capability to be realized. This requires 
the use of an additional power supply, see Figure 5. 

For operations at higher data rates, Figure 5 shows the use 
of an external comparator to enable speeds to 50 Mbit NRZ. 
Figure 6, 7 and 8 demonstrate interfacing techniques to av- 
alanche photodiodes and phototransistors. 

With a few additional components, the LH0082 can be used 
as a repeater as shown in Figure 9. Interfacing to a micro- 
computer-bus, {Figure 10), is also easy when the LH0082 is 
teamed with an INS8250 Asynchronous Communications 
Element. This provides a full duplex link capable of bit rates 
to 56 kbits/s NRZ. 

Analog data can be sent along a fiber-optic cable via digital 
means, {Figure 11). Low temperature drift can be obtained 
in the analog mode, by using the circuit shown in Figure 12. 


Vcc = +5V 
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Applications Information (Continued) 


o.oi mF 
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LH0082 




FIGURE 7. Connection to Phototransistor— High Sensitivity, Low Speed 


TL/H/9325-16 






3-221 


LH0082 










LH0082 


Applications Information (Continued) 

3.3 M F 2.2 Q 



FIGURE 12. Low Temperature Drift Analog Receiver 


TL/H/9325-21 


Connection Diagram 


Dual-ln-Line Package 



■ PREAMP INPUT 

■ RF1 

■ REFERENCE 

■ GND 

■ COMPARATOR OUTPUT 

■ COMPARATOR V C c 

■ NO CONNECTION 


Top View 

Order Number LH0082CD 
See NS Package Number D14F 


TL/H/9325-2 
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National 
Semiconductor 

LH0086/LH0086C 

Digitally-Programmable-Gain Amplifier 

General Description 

The LH0086 is a self-contained, high-accuracy, digitally-pro- 
grammable-gain amplifier. It consists of a FET-input opera- 
tional amplifier, a precision resistor ladder, and a digitally- 
programmable switch network. A three-bit TTL-compatible 
digital input selects accurate gain settings of 1 , 2, 5, 1 0, 20, 

50, 100, or 200. 

The LH0086 exhibits low offset voltage, high input imped- 
ance, fast settling, high power supply rejection ratio, and 
excellent gain accuracy and gain non-linearity. 

The LH0086 is specified for operation from -55°C to 
+ 1 25°C. The LH0086C is specified from -25°C to + 85°C. 

Both devices are hermetically sealed in a 14-lead dual-in- 
line metal package. 


Features 

■ 0.01% maximum gain accuracy at gain = 1 

■ 0.005% typical gain non-linearity 

■ 1 ppm/°C typical gain drift 

■ 10i°fl input impedance 

■ 80 dB minimum PSRR. 

■ TTL-compatible digital inputs 

■ 2 jus settling to 0.01% 

Applications 

■ Data acquisition systems 

■ Auto range DVMs 

■ Adaptive servo loops 



Simplified Schematic and Connection Diagrams 


v+ 


OFFSET 

ADJUST 



Dual-In-Line Package 



Top View 

CASE IS ELECTRICALLY ISOLATED 


Order Number LH0086D or LH0086CD 
See NS Package Number D14F 


TL/K/5657-1 
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LH0086/LH0086C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 5) 

Vs Supply Voltage (Note 1 ) ± 1 8 V 

V|n Analog Input Voltage (Note 2) ± 1 5V 

V||_(H) Digital Input Voltage -4V, +Vs 

Pp Power Dissipation 500 mW 

Output Short Circuit Duration Continuous 


Ta Operating Temperature Range: 
LH0086 
LH0086C 

T S tg Storage Temperature 
Lead Temperature 

(Soldering, 10 seconds) 

ESD rating to be determined. 


— 55°C to + 1 25°C 
— 25°C to +85°C 
— 65°C to + 1 50°C 

+ 300°C 


DC Electrical Characteristics 

Vs= ±15V, Rl= 10 kft, Tmin^ Ta ^ Tmax. Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting) 


Symbol 

Parameter 

Conditions 

LH0086 

LH0086C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 


Tj = 25°C 


0.3 

5.0 


0.3 

10 

mV 





7.0 



13 

Vos / at 

Input Offset Voltage 

Change with Temperature 

< 

2 

II 

O 

< 

■ 




10 


juA//°C 

>B 

Input Bias Current 

(Notes 3, 4) | 

Tj = 25°C 


100 

500 


100 

500 

PA 

nA 





500 



100 

Rin 

Input Resistance 



10 



10 


GO 

V|N 

Input Voltage Range 








V 

A v 

Voltage Gain 

See Table 1 

for Digital Gain- 

Control Codes 


1.0 



1.0 


V/V 


2.0 



2.0 



5.0 



5.0 



10 



10 



20 



20 



50 



50 



100 



100 



200 



200 



Gain Error 

A v =1 

A v = 2,5 

A v = 10,20 

A v = 50, 100,200 

T a = 25°C 


0.003 

0.03 

0.05 

0.1 

0.01 

0.05 

0.1 

0.3 


0.003 

0.05 

0.1 

0.15 

0.03 

0.1 

0.2 

0.4 

% 



A v — 1 

A v = 2,5 

A v = 10,20 

Av = 50, 100,200 


0.003 

0.03 

0.1 

0.15 

0.02 

0.1 

0.2 

0.4 


0.003 

0.05 

0.1 

0.15 

0.06 

0.2 

0.3 

0.5 


Gain Non-Linearity 

Ay— 1 

T a = 25°C 


0.002 



0.002 


% 




0.005 



0.005 


AA V /AT 

Gain Temperature Coefficient 

A v = 1 


1.0 



1.0 


ppm/°C 

PSRR 

Power Supply Rejection Ratio 

±8V <;v s <;±18V 





ESI 


SB 

Vo 

Output Voltage Swing 

r l ^ iokn 

±10 

±12 


±10 

±12 


mm 


Note 1: Improper supply power-on sequence may damage the device. See Power Supply Connection Section under Applications Information. 

Note 2: for supply voltages less than ± 15V the maximum input voltage is equal to the supply voltage. 

Note 3: Due to short production test time, these parameters are specified at junction temperature, Tj=25°C. In normal operation the junction temperature rises 
above the ambient temperature, Ta, as a result of the internal power dissipation, PD. Tj = Ta+0ja><PD where 0ja is the thermal resistance from junction to 
ambient (typically 65'C/W). 

Note 4: The Input bias currents are junction leakage currents which approximately double for every 10°C increase in junction temperature. 

Note 5: Refer to RETS0086D for LH0086D military specifications. 
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DC Electrical Characteristics (Continued) 


Vs= ±15V, R[_= 10 kn, Tmin^ Ta ^ Tmax. Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting). 


Symbol 

Parameter 

Conditions 

LH0086 

LH0086C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

isc 

Output Short-Circuit Current 

T a =25°C 

±5 

±18 

±40 

±5 

±18 

±40 

mA 


±2 


±40 

±2 


±40 

Ro 

Output Resistance 

Avcl = i 








V| L 

Digital “0” Input Voltage 




0.7 





V| H 

Digital “1” Input Voltage 


2.0 



2.0 



IlL 

Digital "0” Input Current 

V|N = 0.4V 






mm 

/xA 

IlH 

Digital “1” Input Current 

V| N = 2.4V 


0.01 





Vs 

Supply Voltage Range 


±8.0 



±8.0 


±18 

V 

i s < + > 

Positive Supply Current 

V s = ± 1 8 V 


8.5 

15.5 


8.5 

15.5 

mA 

ls(”) 

Negative Supply Current 


-4.5 

-8.5 


-4.5 

-8.5 


AC Electrical Characteristics 

Vs = ±15V, Ta = 25°C, R|_= 10 kH, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-Inverting) 


Symbol 

Parameter 

Conditions 





BW 

Small Signal Bandwidth 


A V = 1 


3000 





—3 dB 

A v = 50 


60 






Ay = 200 


15 


kHz 




A v = 1 


425 




-1% 

£ 

n 

CJ1 

o 


8.5 






A v = 200 


2 



PBW 

Power Bandwidth 

v 0 =±iov 


159 


kHz 

SR 

Slew Rate 


10 


V/jus 




A v =1 


2.5 




Settling Time {Figure 7) 0.01 % 

AV o = 20V 

A v = 50 


20 






A v = 200 


75 



ts 

Settling Time After Gain 

Change 


■ 




e N 

Equivalent Input Noise 

R s = 100ft 
A v = 100 

BW = 0.1-10 Hz 


3 




Voltage {Figure 6) 

f=1 kHz 


25 


nV/l/Hz 

In 

Equivalent Input Noise Current 



0.01 


pA/\/Hz 
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Applications Information 


Theory of Operation 

The LH0086 is a digitally programmable gain amplifier with 
3-bit digital gain control. It contains a FET-input operational 
amplifier, a precision resistor ladder, and a digitally program- 
mable switch network. 


The LH0086 was designed for use in a non-inverting config- 
uration, thus the following discussion covers the LH0086 as 
used as a non-inverting amplifier. The gain of the LH0086 is 
given by the familiar gain equation of a non-inverting amplifier. 


Av 



Each gain step is set by the ratio of the ladder resistors. The 
resistor ladder is constructed with high stability, low temper- 
ature-coefficient resistors precision laser-trimmed to the re- 
quired values. FET switches are used to select the desired 
ratio. Since the FET switches are in series with the opera- 
tional amplifier input, their “on resistance” and temperature 
drift do not degrade amplifier accuracy. The FET switches 
are selected by a 1 of 8 decoder, by applying the proper 
logic levels at digital inputs DO, D1, and D2. The gains are 
set as given in Table I. 


TABLE I. Gain-Control Codes 


Gain 

D2 

D1 

DO 

1 

0 

0 

0 

2 

0 

0 

1 

5 

0 

1 

0 

10 

0 

1 

1 

20 

1 

0 

0 

50 

1 

0 

1 

100 

1 

1 

0 

200 

1 

1 

1 


Power Supply Connection 

Proper power supply connections are shown in Figure 1. 
The power supplies should be bypassed to ground as close 
as possible to device supply pins. For most applications, the 
bypass capacitor should be 0.1 jllF. 

v+ 



’GERMANIUM OR SCHOTTKY 

FIGURE 1. Power Supply and Ground Connections 


Care must be taken in the power-on sequence. The LH0086 
may suffer irreversible damage if the V + supply is applied 
prior to the powering on of the M~ supply. In most applica- 
tions using dual-tracking supplies and with the device supply 
pins adequately bypassed, this will not present a problem. If 
this cannot be guaranteed, a germanium or Schottky protec- 
tion diode should be connected between the digital ground 
pin and the V - pin as shown in Figure 1. 

Grounding Considerations 

Care should be taken in the connection of digital and analog 
grounds. Digital switching currents can introduce noise on 
the analog ground pin. If possible, both grounds should go 
to a ground plane beneath the device, otherwise each 
ground should be run separately to a single point ground. 
The idea is to keep digital current from passing through the 
analog ground line. If long ground leads are used, diode 
clamps should be placed as close to the device as possible 
{Figure 1). 

Programmable Attenuator 

The LH0086 may be used as a programmable attenuator 
when connected as in Figure 2. The accuracy of this attenu- 
ator will be typically 0.1 %. 

Note: Max. V|n= ±11 Volts. 



FIGURE 2. Programmable Attenuator 
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Applications Information (Continued) 


TABLE II. Attenuator Codes 


D2 

D1 

DO 

Attenuation 

0 

0 

0 

1 

0 

0 

1 

2 

0 

1 

0 

5 

0 

1 

1 

10 

1 

0 

0 

20 

1 

0 

1 

50 

1 

1 

0 

100 

1 

1 

1 

200 


Inverting Mode 

The LH0086 may be used in the inverting mode, however, 
there are several design considerations. 

1. Input resistance is low at high gains (see gain chart for 
input resistance at each gain). 

2. Each gain step gets a one subtracted from the non-invert- 
ing gain. (See inverting gain chart for available gains.) 


TABLE III. Inverting Gain Chart 


D2 

D1 

DO 

Gain 

R|N (ft) 

0 

0 

0 

A v =0 

30k 

0 

0 

1 

A v = 1 

15k 

0 

1 

0 

A v =4 

6k 

0 

1 

1 

A v =9 

3k 

1 

0 

0 

A v =19 

1.5k 

1 

0 

1 

H 

CO 

600 

1 

1 

0 

A V = 99 

300 

1 

1 

1 

A v =199 

150 


Remote Output Sense 

The Vout sense pin of the LH0086 should be connected at 
the load in order to eliminate errors due to lead resistance. 
In any case the output sense and output force must be tied 
together at some point. See Figure 4 . 


3. The first gain step (digital code of 000) cannot be used 
because the output will remain at virtual ground regard- 
less of the input. 





FIGURE 4. Remote Output Sense FIGURE 5. Offset Adjustment 



FIGURE 6. Noise Measurement Circuit 


FIGURE 3. LH0086 Inverting Gain Configuration 



FIGURE 7. Settling Time Test Circuit 
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Definition of Terms 


Vos Offset Voltage: The voltage that must be ap- 
plied to force the output to 0 volts. 

Ib Input Bias Current: The current into Pin 7 with 

the device connected in the non-inverting config- 
uration. 

RlN Input Resistance: The ratio of the change in in- 
put voltage to the change in input current on ei- 
ther input with the other grounded. 

V|n Input Voltage Range: The voltage range for 
which the device is operational. 

PSRR Power Supply Rejection Ratio: The ratio of the 
specified change in supply voltage to the change 
in input offset voltage over this range. 

Ay Voltage Gain: The ratio of output voltage change 
to the input voltage change producing it. 

Gain Error: The deviation in percent between the 
ideal voltage gain and the value obtained when 
the device is configured for that gain. 

Gain Non-Linearity: The deviation of the gain 
from a straight line drawn through the end-points 
expressed as a percent of full scale (1 OV for op- 
eration with +15V supplies). For testing pur- 
poses it is the difference between positive swing 
gain (OV to 1 0V) and average gain ( - 1 0V to 1 0V) 
or between negative swing gain (OV to —10V) 
and average gain. 

Vo Output Voltage Swing: The peak output voltage 
swing referenced to ground into specified load. 

lo(SC) Output Short-Circuit Current: The current sup- 
plied by the device with the output connected di- 
rectly to ground. 

Rq Closed Loop Output Resistance: The ratio of 
change in output voltage to change to output cur- 
rent at a specific gain. 

Vs Supply Voltage Range: The supply voltage 
range for which the device is operational. 

Is Supply Current: The current required from the 

supply to operate the device with no load and 
with the analog as well as the digital inputs at OV. 


Pd Power Dissipation: The power dissipated in the 
device with no load and with the analog as well 
as the digital inputs at OV. 

Vih Digital “1” Input Voltage: Minimum voltage re- 
quired at the digital input to guarantee a high log- 
ic state. 

V|[_ Digital “0” Input Voltage: The current into a dig- 
ital input at specified logic level. 

AVqs/AT Average Input Offset Voltage Drift: The ratio 
of input offset voltage change from 25°C to either 
temperature extreme divided by the temperature 
range. 

AAy/AT Average Gain Temperature Coefficient: The 

ratio in gain from 25°C to either temperature ex- 
treme divided by the temperature range. 

BW Bandwidth: The frequency at which the voltage 
gain is reduced to 3 dB below the low frequency 
value. 

PBW Power Bandwidth: Maximum frequency for 
which the output swing is a large signal sine- 
wave without noticeable distortion. 

SR Slew Rate: The internally limited rate of change 
in output voltage with a large amplitude step 
function applied at the input. 

ts Settling Time: The time between the initiation of 

an input step function and the time when the out- 
put voltage has settled to within a specified error 
band of the final output voltage. 

Gain Switching Time: The time between the ini- 
tiation of a gain logic change and the time when 
the final gain switches are closed. It includes 
overdrive recovery time, but not settling to final 
value. 

eN Equivalent Input Noise Voltage: The rms or 

peak noise voltage referred to the input (RTI) 
over a specified frequency band. 

i N Equivalent Input Noise Current: The rms or 

peak noise current referred to the input (RTI) 
over a specified frequency band. 
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National 

Semiconductor 


LH0101/LH0101C, LH0101A/LH0101AC 
Power Operational Amplifier 


General Description 

The LH0101 is a wideband power operational amplifier fea- 
turing FET inputs, internal compensation, virtually no cross- 
over distortion, and rapid settling time. These features make 
the LH0101 an ideal choice for DC or AC servo amplifiers, 
deflection yoke drives, programmable power supplies, and 
disk head positioner amplifiers. The LH0101 is packaged in 
an 8 pin TO-3 hermetic package, rated at 60 watts with a 
suitable heat sink. 


Features 

■ 5 Amp peak, 2 Amp continuous output current 

■ 300 kHz power bandwidth 

■ 850 mW standby power (±15V supplies) 

■ 300 pA input bias current 

■ 10 V/jas slew rate 

■ Virtually no crossover distortion 

■ 2 /ms settling time to 0.01 % 

■ 5 MHz gain bandwidth 


Schematic and Connection Diagrams 



TL/K/5558-1 



Order Numbers LH0101K, 
LH0101CK, LH0101AK or 
LH0101ACK 

See NS Package Number K08A 

Note: Electrically connected internally, no 
connection should be made to pin. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 5) 

Supply Voltage, Vs ±22 V 

Power Dissipation at T A = 25°C, Pp 5W 

Derate linearly at 25°C/W to zero at 1 50°C, 

Power Dissipation at Tc = 25°C 62 W 

Derate linearly at 2°C/W to zero at 150°C 
Differential Input Voltage, V|n ±40V but < ±Vs 

Input Voltage Range, Vqm ± 20 V but < ± Vs 

Thermal Resistance — 

See Typical Performance Characteristics 


Peak Output Current (50 ms pulse), lo(PK) 5A 

Output Short Circuit Duration 
(within rated power dissipation, 

Rsc = 0.35fl, T a = 25°C) Continuous 


Operating Temperature Range, T A 
LH0101AC, LH0101C -25°Cto +85°C 

LH0101A, LH0101 -55°Cto + 125°C 


Storage T emperature Range, Tstg - 65°C to + 1 50°C 

Maximum Junction Temperature, Tj 1 50°C 


Lead T emperature (Soldering < 1 0 sec.) 260°C 


ESD rating to be determined. 


DC Electrical Characteristics (Note 1 ) Vs = ± 1 5V, T A = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 


LH0101AC 

LH0101A 

LH0101C 

LH0101 

Units 






Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Input Offset Voltage 



1 

3 


5 

10 

mV 



Tmin ^ t A ^ t max 



7 



15 

AVqs/APd 

Change in 

Input Offset Voltage 
with Dissipated Power 

(Note 2) 


150 



300 


JLlV/W 

av os /at 

Change in 

Input Offset Voltage 
with Temperature 

o 

II 

o 

> 


10 



10 


j uV/°C 

Ib 

Input Bias Current 






300 



1000 

pA 




Ta ^ T MAX 

LH0101C/AC 



60 



60 

nA 




LH0101/A 



300 



1000 

•os 

Input Offset Current 






75 



250 

pA 




Ta ^ Tmax 

LH0101C/AC 



15 



15 

nA 




LH0101/A 



75 



250 

AvOL 

Large Signal 

Voltage Gain 

V 0 = ±10VR l = ion 

50 

200 


50 

200 


V/mV 

Vo 

Output Voltage Swing 

Rsc = 0 

r l = loon 

±12 

±12.5 


±12 

±12.5 





+ 

II 

< 

r l = ion 

±11.25 

±11.6 


±11.25 

±11.6 


V 



Note 3 

Rl = 5n 

±10.5 

±11 


±10.5 

±11 



CMRR 

Common Mode 
Rejection Ratio 

AV in = ±10V 

85 

100 


85 

100 


dB 

PSRR 

Power Supply 
Rejection Ratio 

AV S = ±5V to ± 15V 

85 

100 


85 

100 


is 

Quiescent Supply 
Current 



28 

35 


28 

35 

mA 


3-233 


LH0101/LH0101A/LH0101AC/LH0101C 




LH0101/LH0101A/LH0101AC/LH0101C 


ACE 

ectrical Characteristics (Note d, v s = ± isv, t a = 

25°C 



Symbol 

Parameter 

Conditions 

LH0101 

LH0101A 

LH0101C 

LH0101AC 

Units 





Min 

Typ 

Max 

Min 

Typ 

Max 


e n 

Equivalent Input 

Noise Voltage 

f = 1 kHz 


25 



25 


nVi/Hz 

C|N 

Input Capacitance 

f = 1 MHz 


3.0 



3.0 


PF 


Power Bandwidth, -3 dB 




300 



300 


kHz 

SR 

Slew Rate 

r l = ion 


7.5 

(Note 4) 

10 



10 


V/jLtS 

Wf 

Small Signal Rise or 

Fall Time 

+ 

II 

< 


200 



200 


ns 


Small Signal Overshoot 




10 



10 


% 

GBW 

Gain-Bandwidth Product 

8 

II 

—i 

tr 


4.0 

(Note 4) 

5.0 



5.0 


MHz 

* 

Large Signal Settling 

Time to 0.01 % 



2.0 



2.0 


/AS 

THD 

Total Harmonic Distortion 

3 Z 3 

|- o 

II II 

O O 

= 1 kHz 


0.008 

■ 




% 


Note 1: Specification is at Ta = 25°C. Actual values at operating temperature may differ from the Ta = 25°C value. When supply voltages are ±15V, quiescent 
operating junction temperature will rise approximately 20°C without heat sinking. Accordingly, Vos may change 0.5 mV and Ib and los will change significantly 
during warm-ups. Refer to the Ib vs. temperature and power dissipation graphs for expected values. Power supply voltage is ± 15V. Temperature tests are made 
only at extremes. 

Note 2: Change in offset voltage with dissipated power is due entirely to average device temperature rise and not to differential thermal feedback effects. Test is 
performed without any heat sink. 

Note 3: At light loads, the output swing may be limited by the second stage rather than the output stage. See the application section under "Output swing 
enhancement" for hints on how to obtain extended operation. 

Note 4: These parameters are sample tested to 10% LTPD. 

Note 5: Refer to RETS0101AK for the LH0101AK military specifications and RETS0101K for the LH0101K military specifications. 
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Typical Performance Characteristics 

Maximum Power Dissipation 
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5 


d 
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_ 


25 50 75 100 125 

TEMPERATURE (°C) 



Tc, CASE TEMPERATURE (°C) 

Small Signal Frequency 



10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 

Power Supply Rejection 



FREQUENCY (Hz) 



-15 -10 -5 0 +5 +10 +15 

Vo, OUTPUT V0LTAQE (V) 

Input Bias Current after 



0 1 2 3 4 5 

TIME FROM INITIAL TURN ON (MIN.) 

Output Voltage Swing 


+90 


£ 

-0 ™ 



100K 1M 

FREQUENCY (Hz) 


Settling Time 



0 1 2 3 4 5 6 7 8 

CHANGE IN OUTPUT VOLTAGE FROM ZERO VOLTS 


Quiescent Power Supply 



±5 ±10 ±15 ±20 ±25 

VS, POWER SUPPLY VOLTAGE (V) 

Input Common-Mode 



±5 ±10 ±15 ±20 ±25 

VS, SUPPLY VOLTAGE (V) 

Common-Mode Rejection 



FREQUENCY (Hz) 

Total Harmonic 



10 100 IK 10K 1Q0K 

FREQUENCY (Hz) 

TL/K/5558-3 
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Typical Performance Characteristics (Continued) 


Total Harmonic 



1 10 10Q 1000 


GAIN (V/V) 


Output Voltage Swing vs. 
Load Resistance 



1 10 100 


RL, LOAD RESISTANCE (Q) 



Output Voltage Swing 



±5 ±10 ±15 ±20 ±25 

Vs, POWER SUPPLY VOLTAGE (V) 


20 . 

_ 17. 
a 

£ 15. 
z 

£ 12 .! 

CO 

CO 

£ 10.1 

£ 7. 
(- 
=3 

° 5. 

a 

“ 2 . 


Open-Loop Output Resistance 


ft 


f =10KHZ 
VS = ±15V 
Tfl = 25°C 


100 

10, OUTPUT CURRENT (mA) 


1000 


Open-Loop Output 

Resistance vs. Frequency 
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RSC. CURRENT LIMIT RESISTOR (Q) 

TL/K/5558-4 


Small Signal Pulse Response (No Load) 


Large Signal Pulse Response (Rl = 10 Ct) 
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Application Hints 

Input Voltages 

The LH0101 operational amplifier contains JFET input de- 
vices which exhibit high reverse breakdown voltages from 
gate to source or drain. This eliminates the need for input 
clamp diodes, so that high differential input voltages may be 
applied without a large increase in input current. However, 
neither input voltage should be allowed to exceed the nega- 
tive supply as the resultant high current flow may destroy 
the unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 
Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

These amplifiers will operate with the common-mode input 
voltage equal to the positive supply. In fact, the common- 
mode voltage may exceed the positive supply by approxi- 
mately 100 mV, independent of supply voltage and over the 
full operating temperature range. The positive supply may 
therefore be used as a reference on an input as, for exam- 
ple, in a supply current monitor and/or limiter. 

With the LH0101 there is a temptation to remove the bias 
current compensation resistor normally used on the non-in- 
verting input of a summing amplifier. Direct connection of 
the inputs to ground or a low-impedance voltage source is 
not recommended with supply voltages greater than 3V. 
The potential problem involves loss of one supply which can 
cause excessive current in the second supply. Destruction 
of the 1C could result if the current to the inputs of the de- 
vice is not limited to less than 100 mA or if there is much 
more than 1 ju.F bypass on the supply buss. 

Although difficulties can be largely avoided by installing 
clamp diodes across the supply lines on every PC board, a 
conservative design would include enough resistance in the 
input lead to limit current to 10 mA if the input lead is pulled 
to either supply by internal currents. This precaution is by no 
means limited to the LH0101. 

Layout Considerations 

When working with circuitry capable of resolving pico-am- 
pere level signals, leakage currents in circuitry external to 
the op amp can significantly degrade performance. High 
quality insulation is a must (Kel-F and Teflon rate high). 
Proper cleaning of all insulating surfaces to remove fluxes 
and other residues is also required. This includes the 1C 
package as well as sockets and printed circuit boards. 
When operating in high humidity environments or near 0°C, 
some form of surface coating may be necessary to provide 
a moisture barrier. 

The effects of board leakage can be minimized by encircling 
the input circuitry with a conductive guard ring operated at a 
potential close to that of the inputs. 


Electrostatic shielding of high impedance circuitry is advisa- 
ble. 

Error voltages can also be generated in the external circuit- 
ry. Thermocouples formed between dissimilar metals can 
cause hundreds of microvolts of error in the presence of 
temperature gradients. 

Since the LH0101 can deliver large output currents, careful 
attention should be paid to power supply, power supply by- 
passing and load currents. Incorrect grounding of signal in- 
puts and load can cause significant errors. 

Every attempt should be made to achieve a single point 
ground system as shown in the figure below. 



Bypass capacitor Cbx should be used if the lead lengths of 
bypass capacitors Cb are long. If a single point ground sys- 
tem is not possible, keep signal, load, and power supply 
from intermingling as much as possible. For further informa- 
tion on proper grounding techniques refer to “Grounding 
and Shielding Techniques in Instrumentation” by Morrison, 
and “Noise Reduction Techniques in Electronic Systems” 
by Ott (both published by John Wiley and Sons). 

Leads or PC board traces to the supply pins, short-circuit 
current limit pins, and the output pin must be substantial 
enough to handle the high currents that the LH0101 is capa- 
ble of producing. 


Short Circuit Current Limiting 

Should current limiting of the output not be necessary, SC+ 
should be shorted to V+ and SC- should be shorted to 
V — . Remember that the short circuit current limit is depen- 
dent upon the total resistance seen between the supply and 
current limit pins. This total resistance includes the desired 
resistor plus leads, PC Board traces, and solder joints.* As- 
suming a zero TCR current limit resistor, typical temperature 
coefficient of the short circuit will be approximately .3%. 

0.6 


"Short circuit current will be limited to approximately 


RSC' 
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Application Hints (Continued) 

Thermal Resistance 

The thermal resistance between two points of a conductive 
system is expressed as: 

012 = 

where subscript order indicates the direction of heat flow. A 
simplified heat transfer circuit for a cased semiconductor 
and heat sink system is shown in the figure below. 

The circuit is valid only if the system is in thermal equilibrium 
(constant heat flow) and there are, indeed, single specific 
temperatures Tj, Tc and Ts (no temperature distribution in 
junction, case, or heat sink). Nevertheless, this is a reason- 
able approximation of actual performance. 

I IUNCTION TEMP., Tj 
6JC 

:ase temp., tc 
ecs 

HEAT SINK TEMP., T s 
e SA 

— AMBIENT TEMP. Ta 

TL/K/5558-8 

FIGURE 2. Semiconductor-Heat Sink Thermal Circuit 

The junction-to-case thermal resistance 0jc specified in the 
data sheet depends upon the material and size of the pack- 
age, die size and thickness, and quality of the die bond to 
the case or lead frame. The case-to-heat sink thermal re- 
sistance 0 qs depends on the mounting of the device to the 
heat sink and upon the area and quality of the contact sur- 
face. Typical 0cs for a TO-3 package is 0.5 to 0.7°C/W, and 
0.3 to 0.5°C/W using silicone grease. 

The heat sink to ambient thermal resistance 0 sa depends 
on the quality of the heat sink and the ambient conditions. 
Cooling is normally required to maintain the worst case op- 
erating junction temperature Tj of the device below the 
specified maximum value Tj(max)- Tj can be calculated 
from known operating conditions. Rewriting the above equa- 
tion, we find: 

Tj - T a 

0 JA = -^-^°C/W 
T J = t A + p D0JA° c 

Where: P D (V s - V OU t)Iout + |V+ - (V— )|l Q 
for a DC Signal 

0jA = 0JC + 0CS + #SA and V s = Supply Voltage 
0jC for the LH0101 is about 2°C/W. 

Stability and Compensation 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pickup” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input device (usually the inverting input) to ac 


ground set the frequency of the pole. In many instances the 
frequency of this pole is much greater than the expected 3 
dB frequency of the closed loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the ex- 
pected 3 dB frequency a lead capacitor should be placed 
from the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time consistant 
of this capacitor and the resistance it parallels is greater 
than or equal to the original feedback pole time constant. 
Some inductive loads may cause output stage oscillation. A 
.01 /jlF ceramic capacitor in series with a 10H resistor from 
the output to ground will usually remedy this situation. 



TL/K/5558-9 

FIGURE 3. Driving Inductive Loads 

Capacitive loads may be compensated for by traditional 
techniques. (See “Operational Amplifiers: Theory and Prac- 
tice” by Roberge, published by Wiley): 



Compensate for Capacitive Load 

A similar but alternative technique may be used for the 
LH0101: 


v+ 
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Application Hints (Continued) 

Output Swing Enhancement 

When the feedback pin is connected directly to the output, 
the output voltage swing is limited by the driver stage and 
not by output saturation. Output swing can be increased as 
shown by taking gain in the output stage as shown in High 
Power Voltage Follower with Swing Enhancement below. 
Whenever gain is taken in the output stage, as in swing 
enhancement, either the output stage, or the entire op amp 
must be appropriately compensated to account for the addi- 
tional loop gain. 


Output Resistance 

The open loop output resistance of the LH0101 is a function 
of the load current. No load output resistance is approxi- 
mately 1 0H. This decreases to under on n for load currents 
exceeding 100 mA. 


Typical Applications 

See AN261 for more information. 


+15 



TL/K/5558-12 

FIGURE 6. High Power Voltage Follower 



TL/K/5558-13 

FIGURE 7. High Power Voltage Follower 
with Swing Enhancement 


v+ 
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FIGURE 8. Restricting Outputs to Positive Voltages Only 


Following is a partial list of sockets and heat dissipators for use with the LH0101. National assumes no responsibility for their 
quality or availability. 

8-Lead TO-3 Hardware 


SOCKETS 

Keystone 4626 or 4627 
Robinson Nugent 000201 1 
Azimuth 6028 (test socket) 

HEAT SINKS 

Thermalloy 2266B (35°C/W) 
IERC LAIC3B4CB 
IERC HP1-T03-33CB (7°C/W) 
AAVID 5791 B 

MICA WASHERS 

Keystone 4658 


AAVID Engineering 
30 Cook Court 

Laconia, New Hampshire 03246 
Azimuth Electronics 
2377 S. El Camino Real 
San Clemente, CA 92572 
IERC 

135 W. Magnolia Blvd. 

Burbank, CA 91502 


Keystone Electronics Corp. 
49 Bleecker St. 

New York, NY 10012 
Robinson Nugent Inc. 

800 E. 8th St. 

New Albany, IN 47150 
Thermalloy 
P.O. Box 34829 
Dallas, TX 75234 
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Typical Applications (Continued) 


+40 



+ 5 TO +35 

GND 

-5 TO -35 


FIGURE 12. ± 5 to ± 35 Power Source or Sink 


TL/K/5558-18 


+15 



TL/K/5558-19 

FIGURE 13. Remote Loudspeaker via Infrared Link 


+15 



TL/K/5558-20 

FIGURE 14. CRT Deflection Yoke Driver 
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National 
Semiconductor 

LH2101A/LH2201A/LH2301A 

Dual High Performance Operational Amplifiers 

General Description 

The LH2101A series of dual operational amplifiers are two 
LM101 A type op amps in a single hermetic package. Featur- 
ing all the same performance characteristics of the single, 
these duals offer in addition closer thermal tracking, lower 
weight, reduced insertion cost, and smaller size than two 
singles. For additional information, see the LM101A data 
sheet and National’s Linear Application Handbook. 

The LH2101A is specified for operation over the -55°C to 
+ 125°C military temperature range. The LH2201A is speci- 
fied for operation over the -25°C to +85°C temperature 


Connection Diagram 


V+ 

BALANCE 
OUTPUT 
COMPENSATION 
OUTPUT 

BAL/COMPENSATION 

V“ 

BALANCE 
OUTPUT 
COMPENSATION 
OUTPUT 

BAL/COMPENSATION 

V + 

TL/K/10118-1 

Order Number LH2101AD, LH2201 AD or LH2301 AD 
See NS Package Number D16C 



range. The LH2301 A is specified for operation over the 0°C 
to +70°C temperature range. 

Features 

□ Low offset voltage 

□ Low offset current 

□ Guaranteed drift characteristics 

□ Offsets guaranteed over entire common mode and sup- 
ply voltage ranges 

□ Slew rate of 10 V/jus as a summing amplifier 
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LH2101A/LH2201A/LH2301A 


Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, 

Output Short-Circuit Duration 


Continuous 

please contact the National Semiconductor Sales 

Operating Temperature Range 


Office/Distributors for availability and specifications. 

LH2101A 

— 55°Cto +125°C 

Supply Voltage 

±22V 

LH2201A 

— 25°C to +85°C 

Power Dissipation (Note 1) 

500 mW 

LH2301A 


0°Cto+70°C 

Differential Input Voltage 

±30V 

Storage Temperature Range 

— 65°C to + 1 50°C 

Input Voltage (Note 2) 

± 15V 

Lead Temperature 




(Soldering, 10 Sec.) 


300°C 

Electrical Characteristics Each side (Note 3) 





Parameter 

Conditions 

Limits 

Units 

LH2101A 

LH2201A 

LH2301A 




Input Offset Voltage 

T a = 25°C, R s <; 50 ka 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

T a = 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T a = 25°C 

75 

75 

250 

nA Max 

Input Resistance 

T a = 25°C 

1.5 

1.5 

0.5 

Ma Min 

Supply Current 

T a = 25°C, V s ±20V 

3.0 

3.3 

3.0 

mA Max 

Large Signal Voltage Gain 

T a = 25°C, V s ±15V 

VoUT = ±10V,R L ;> 2ka 

50 

50 

25 

V/mV Min 

Input Offset Voltage 

R S <: 50 ka 

3.0 

3.0 

10 

mV Max 

Average Temperature 
Coefficient of Input 

Offset Voltage 


15 

15 

30 

ju,V/°C Max 

Input Offset Current 


20 

20 

70 

nA Max 

Average Temperature 

25°C £ T A <; 125°C 

0.1 

0.1 

0.3 

nA/°C Max 

Coefficient of Input 

Offset Current 

— 55°C ^ T A ^ 25°C 

0.2 

0.2 

0.6 


Input Bias Current 


100 

100 

300 

nA Max 

Supply Curent 

T a = + 125°C, V s = ±20V 

2.5 

2.5 


mA Max 

Large Signal Voltage Gain 

V s = ±15V,V 0 ut = ± iov 

R L 2 ka 

25 

25 

15 

V/mV Min 

Output Voltage Swing 

V s = ± 15V, R|_ = 10 ka 

±12 

±12 

±12 

V Min 


R L = 2 ka 

±10 

±10 

±10 

Input Voltage Range 

Vs = ±20V 

±15 

±15 

±12 

V Min 

Common Mode 

Rejection Ratio 

Rs ^ 50 ka 

80 

80 

70 

dB Min 

Supply Voltage 

Rejection Ratio 

R s < 50 ka 

80 

80 

70 

dB Min 

Note 1: The maximum junction temperature of the LH2101A is 150°C, while that of the LH2201A is 100°C. For operating temperatures of devices in the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a y 16 -inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper 

[ conductors. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 




Note 2: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 



Note 3: These specifications apply for ±5V ^ Vs ^ ±20V and -55°C ^ Ta £ +125°C, unless otherwise specified. With the LH2201A, however, all temperature 
specifications are limited to -25°C <: Ta ^ + 85°C. For the LH2301 A these specifications apply for 0°C £ Ta £ + 70°C, and ± 5V £ Vs £ + 1 5V. Supply current 

and input voltage range are specified as Vs = ±15V for the LH2301A. Ci = 30 pF unless otherwise specified. 
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Auxiliary Circuits 


Inverting Amplifier with Balancing 
Circuit 

R1 R2 



30 pF 

TL/K/10118-2 

tMay be zero or equal to parallel combination of 
R1 and R2 for minimum offset. 



Two Pole Compensation 


Feedforward Compensation 
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LH2108/LH2208/LH2308,LH2108A/LH2208A/LH2308A 



National 

Semiconductor 


LH2108/LH2208/LH2308, 
LH2108A/LH2208A/LH2308A Dual Super Beta 
Operational Amplifiers 


General Description 

The LH21 08A/LH2208A/LH2308A and LH2108/LH2208/ 
LH2308 series of dual operational amplifiers are two 
LM108A or LM108 type op amps in a single hermetic pack- 
age. Featuring all the same performance characteristics of 
the single device, these duals also offer closer thermal 
tracking, lower weight, reduced insertion cost, and smaller 
size than two single devices. For additional information see 
the LM108A or LM108 data sheet and National’s Linear Ap- 
plication Handbook. 

The LH2108A/LH2108 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2208A/LH2208 is specified for operation over the 


— 25°C to +85°C temperature range. The LH2308A/ 
LH2308 is specified for operation over the 0°C to + 70°C 
temperature range. 


Features 

■ Low offset current 50 pA 

■ Low offset voltage 0.7 mV 

■ Low offset voltage LH2108A 0.3 mV 

LH2108 0.7 mV 

■ Wide input voltage range ± 1 5V 

■ Wide operating supply range ±3V to ±20V 


Connection Diagram 



Order Number LH2108AD, LH2208AD, LH2208AD, 
LH2308AD, LH2108D, LH2208D, or LH2308D 
See NS Package Number D16C 


Auxiliary Circuits 


Standard Compensation Circuit 

R1 R2 



Alternate* Frequency 
Compensation 


R1 R2 



factor of ten. ~ 

TL/K/10117-3 


Feedback Compensation 

C2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ±20V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ± 1 0 mA 

Input Voltage (Note 3) ± 1 5V 

Output Short Circuit Duration Continuous 

Operating Temperature Range 

LH2108A/LH2108 -55°Cto + 125°C 

LH2208A/LH2208 -25°C to + 85°C 

LH2308A/LH2308 0°C to + 70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec) 300°C 

Electrical Characteristics Each side (Note 4) 








Parameter 

Conditions 

Limits 

Units 

LH2108 

LH2208 

LH2308 

Input Offset Voltage 

T a = 25°C 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

T a = 25°C 

0.2 

0.2 

1.0 

nA Max 

Input Bias Current 

T a = 25°C 

2.0 

2.0 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

30 

30 

10 

Ma Min 

Supply Current 

T a = 25°C 

0.6 

0.6 

0.8 

mA Max 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V 
Vout= ±iov,r l > 10 kn 

50 

50 

25 

V/mV Min 

Input Offset Voltage 


3.0 

3.0 

10 

mV Max 

Average Temperature Coefficient 
of Input Offset Current 


15 

15 

30 

jllV/°C Max 

Input Offset Current 


0.4 

0.4 

1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2.5 

2.5 

10 

pA/°C Max 

Input Bias Current 


3.0 

3.0 

10 

nA Max 

Supply Current 

T a = + 1 25°C 

0.4 

0.4 


mA Max 

Large Signal Voltage Gain 

V s = ±15V,V 0 UT = ±10V 
r l > io ka 

25 

25 

15 

V/mVMin 

Output Voltage Swing 

V s = ± 15V, R L = 10 ka 

±13 

±13 

±13 

V Min 

Input Voltage Range 

V s = ± 15V 

±13.5 

±13.5 

±14 

V Min 

Common Mode Rejection Ratio 


85 

85 

80 

dB Min 

Supply Voltage Rejection Ratio 


80 

80 

80 

dB Min 

Electrical Characteristics Each side (Note 4) 

Parameter 

Conditions 

Limits 


LH2108A 

LH2208A 

LH2308A 


Input Offset Voltage 

Ta 

= 25°C 

0.5 

0.5 

0.5 

mV Max 

Input Offset Current 

Ta 

= 25°C 

0.2 

0.2 

1.0 

nA Max 

Input Bias Current 

Ta 

= 25°C 

2.0 

2.0 

7.0 

nA Max 

Input Resistance 

Ta 

= 25°C 

30 

30 

10 

Ma Min 

Supply Current 

Ta 

= 25°C 

0.6 

0.6 

0.8 

mA Max 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V 
Vqut= ±iov,r l > io ka 

80 

80 

80 

V/mV Min 
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LH2108/LH2208/LH2308,LH2108A/LH2208A/LH2308A 


Electrical Characteristics Each side (Note 4) (continued) 


Parameter 

Conditions 

Limits 

Units 

LH2108A 

LH2208A 

LH2308A 

Input Offset Voltage 


1.0 

1.0 

0.73 

mV Max 

Average Temperature Coefficient 
of Input Offset Voltage 


5 

5 

5 

ju,V/°C Max 

Input Offset Current 


0.4 

0.4 

1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2.5 

2.5 

10 


Input Bias Current 


3.0 

3.0 

10 

nA Max 

Supply Current 

T a = + 125°C 

0.4 

0.4 


mA Max 

Large Signal Voltage Gain 

V s = ± 1 5V, Vqut = ± 10V 
r l > io kn 

40 

40 

60 


Output Voltage Swing 

Vs = ± 15V, R L = 10 kn 

±13 

±13 

±13 

V Min 

Input Voltage Range 

V s = ± 15V 

±13.5 

±13.5 

±14 

V Min 

Common Mode Rejection Ratio 


96 

96 

96 

dB Min 

Supply Voltage Rejection Ratio 


96 

96 

96 

dB Min 


Note 1: The maximum junction temperature of the LH2108A/LH2108 is 150°C, while that of the LH2208A/LH2208 is 100°C and that of the LH2308A/LH2308 is 
85°C. For operating devices in the flat package at elevated temperatures, the derating is based on a thermal resistance of 185°C/W when mounted on a y 16 -inch- 
thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 


Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for +5V ^ Vs ^ ±20V and -55°C £ Ta ^ 125'C, unless otherwise specified. With the LH2208A/LH2208, however, all 
temperature specifications are limited to -25°C ^ Ta ^ 85°C and with the LH2308A/LH2308 for ±5V ^ Vs £ 15V and 0°C ^ Ta ^ 70°C. 
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National 
Semiconductor 

LH4101/LH4101C Wideband 
Operational Amplifier 

General Description 

The LH4101 is a high slew rate, FET input, wideband opera- 
tional amplifier designed for applications that require an op 
amp to provide up to 200 mA peak and 100 mA continuous 
output current. This feature eliminates the need for a buffer 
to provide the additional current drive not available with 
most wideband op amps. 

Designed for use with minimum external circuitry, the 
LH4101 provides internal compensation for unity gain stabil- 
ity and all the gain set resistors for most popular gain set- 
tings, as well as internal supply bypass capacitors. These 
features minimize the circuit’s sensitivity to external layout 
conditions. These features are provided in a 24 pin hermetic 
dual in-line package. 


High Current 


Features 

■ 45 MHz bandwidth 

■ 10i2fl input impedance 

■ Pin strappable gain settings of 1, 2, 3, 4, — 1, -2, -3 

■ Unity gain stable 

■ Internal supply bypassing 

■ 100 mA continuous output current 

■ 24 pin hermetic DIP 

■ Directly drives 50H loads 

The LH4101’s wide bandwidth, programmable gain settings, 
and high output current make it an ideal choice for fast buff- 
ering applications such as video distribution. It is also appro- 
priate for use in summing amplifiers, sample and hold cir- 
cuits, and high speed integrators. 



Block and Connection Diagrams 


12 11 10 9 8 7 6 5 4 3 2 1 



Dual In-Line Package 


OUTPUT- 

1 

24 

-NC 

V+ — 

2 

23 

-V- 

v+ — 

3 

22 

-V- 

NC- 

4 

21 

-NC 

GND — 

5 

20 

-GND 

GND — 

6 

19 

-GND 

NC- 

7 

18 

-OUTPUT 

0FF.ADJ.- 

8 

17 

-S3 

0FF.ADJ.- 

9 

16 

— S2 

NC- 

10 

15 

-SI 

NC- 

11 

14 

-NC 

v in( + )“ 

12 

13 

-v, N (-) 


TL/K/8543-2 

Order Number LH4101D or 
LH4101CD 

See NS Package Number D24D 
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LH4101/ LH4101 



Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vs ± 1 7V 

Power Dissipation, at Ta = 25°C, Pp 2W 

I nput Voltage Range, Vcm ± Vs 

Steady State Output Current, Iq ±100 mA 


Operating Temperature Range, Ta 
LH 4101CD — 25°Cto + 85°C 

LH4101D — 55°Cto +125°C 

Storage T emperature Range, T stg - 65°C to + 1 50°C 

Maximum Junction Temperature, Tj 175°C 

Lead T emperature (Soldering < 1 0 sec.) 300°C 

ESD rating to be determined 


DC Electrical Characteristics Vs = ±15V, T min ^ Ta ^ Tmax unless otherwise specified 


Symbol 

Parameter 

Vos 

Input Offset Voltage 

AVos 

AT 

Average Offset 
Voltage Drift 

•b 

Input Bias Current 

•os 

Input Offset Current 

CMRR 

Common Mode 
Rejection Ratio 

PSRR 

Power Supply 
Rejection Ratio 

Avol 

Open-Loop 

Voltage Gain 

v 0 

Output Voltage Swing 

Is 

Supply Current 

e- 3 


e_i 



Test Conditions 

T a = Tj = 25°C (Note 1) 


T a = Tj = 25°C (Note 1) 
Ta = Tj = T max 

T A = Tj = 25°C (Note 1) 

~T~a ~ Tj = Tmax 

AV| N = ±10V 

AV S = ± 10V 

V 0 = ±10V,R l = 1 kn.f = 1 kHz 

V 0 = ±5V, Rl = 50n, f = 1 kHz, T a = 25°C 

V| N = ± 15V, R l = 1 kft 

V| N = ± 5.5V, R l = 50 a, Tj = 25°C (Note 2) 


Note 1: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. 

Note 2: The output swing is limited by the maximum output current of ±100 mA when Rl = 50H. When the LH4101 is operated at elevated temperature (such as 
125°C), some form of heatsinking or forced air cooling is required. The quiescent power with V§ of ±15V is 1.2W max, whereas the package can only handle 
750 mW without a heatsink at 1 25°C. 



AC Electrical Characteristics a v 


Parameter 



Small Signal Bandwidth 


Settling Time to 1 % 
Settling Time to 0.1 % 


Small Signal Rise Time 


+ 1, Rl = 50fl, Ta = 25°C unless otherwise specified 


Conditions 


V| N = +5V 

200 

V|n = 100 mVrms 



AV| N = 10V 


V| N = 0V to +100 mV 


























Applications Information 

Power Supply Bypassing 

The LH4101 will perform well in most circuit boards even 
without external supply bypassing; however, it is recom- 
mended that some bulk bypassing be provided. One 1 0 juF 
electrolytic on each supply is recommended. Proximity to 
the device pins is not critical, but the bypass will be most 
effective if located within an inch of the part. 

Input Capacitance 

The input capacitance to the LH4101 is typically 5 pF and 
for source impedances greater than 100ft, the input time 
constant should be considered. 


Gain Settings 

The LH4101 provides internal gain set resistors for most 
popular gain settings. A chart is provided to assist in deter- 
mining the proper pins to connect to achieve these gains. 
The internal gain resistors are trimmed and matched to in- 
sure the gain accuracy to 0.8% typically. The LH4101 can 
operate at other gain settings, but the user must supply ad- 
ditional gain set resistors external to the part. 


Frequency Response 
(Ay = + 1 Closed Loop) 



10K 100K 1M 10M 100M 

FREQUENCY (HZ) 


TL/K/8543-3 


Frequency Response 
(Open Loop) 



Offset Null 



Gain 

Connect 

Pin Number 

Comment 

+ 1 

V out toS1 

1 8 to 1 5 

For all positive gains, the 


V ou t to S2 

1 8 to 1 6 

input is Vin(-f-), 12. 

+ 2 

Voutto S2 
and 

1 8 to 1 6 



SI to GND 

1 5 to 1 9 


+ 3 

V out to S3 
and 

1 8 to 1 7 



S2toV in( _) 

1 6 to 1 3 



and 

SI to GND 

1 5 to 1 9 


+ 4 

V 0 ut to S3 
and 

18 to 17 



SI to GND 

1 5 to 1 9 


-1 

S2 to V ou t 

1 6 to 1 8 

For all negative gains, 

-2 

Vln(-) to S2 
and 

1 3 to 1 6 

input is SI, pin 15. Also, 

V in(+) , pin 12, MUST BE 


S3 to V out 

1 7 to 1 8 

CONNECTED TO 

GROUND. 




-3 

S3 to Vout 

1 7 to 1 8 
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LH4101 / LH4101C 


Typical Applications 

Unity Gain Follower 

The LH4101 can be used as a unity gain follower to provide 
output current to drive 50fl or 75H coax cable directly. By 
shorting pins 15, 16 and 18, a follower circuit is configured 
as seen in Figure la. This configuration features a band- 


width greater than 40 MHz with an input signal of 1.0 V p . p 
and greater than 16 MHz with a 5 V p _ p input signal. This is 
all achieved without any external components. Figures 1b 
and 1c show the small and large signal pulse responses, 
respectively. 


V+ 



Large Signal Pulse Response Small Signal Pulse Response 



V S = ±15V 


TL/K/8543-9 

V S = ±15V 


TL/K/8543-10 

A v = 1 



A v = 1 



R|_ = 50fl 

FIGURE 1b 


R L = 50H 

FIGURE 1c 



Maximum Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


TL/K/8543-13 
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Non-Inverting Amplifier 

To configure the LH4101 as a non-inverting amplifier with a 
gain of 4, short pins 17 to 18 and 15 to 19, as shown in 
Figure 2a. Again, no external components are necessary. 
This configuration provides a bandwidth of 25 MHz with an 


input sine wave of 1 .0 V p . p and a bandwidth of 10 MHz with 
an input of 5 V p . p while providing 100 mA of output current. 
This eliminates the need of an additional buffer in the circuit 
to provide the output current to drive large loads. Figures 2b 
and 2c show the small and large signal pulse responses, 
respectively. 


V+ 



Large Signal Pulse Response 


Small Signal Pulse Response 


Input 


Output 



Input 


Output 


V S = ±15V TL/K/8543-11 

A v = 4 

r l = son 

FIGURE 2b 



V s = ±15V TL/K/8543-12 

A V = 4 

r l = son 

FIGURE 2c 


Differential Amplifier 

To configure the LH4101 as a differential amplifier, two ad- 
ditional 1 kn resistors are required. Figure 3 shows this con- 


figuration, where Vo = Vi - V 2 . The gain accuracy of this 
circuit is dependent upon the gain accuracy of the additional 
1 kfl resistors. 


V+ 


2,3 



V- 

FIGURE 3. Wideband Differential Amplifier 


TL/K/8543-6 
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LH4104/LH4104C 



National 

Semiconductor 


PRELIMINARY 


LH4104/LH4104C Fast Settling High Current 
Operational Amplifier 


General Description 

The LH4104 is a fast settling high current Bi-Fet op amp 
designed for applications that require a fast settling time of 
500 ns to 0.01% and 100 mA continuous output current. 
The high output current eliminates the need for a buffer to 
provide the additional current drive not available in most 
operational amplifiers. The operational amplifier also fea- 
tures a gain bandwidth product of 1 8 MHz and a slew rate of 
40V/ju,s. 

Designed for use with minimum external circuitry, the 
LH4104 provides internal compensation for unity gain stabil- 
ity as well as internal supply bypass capacitors. These fea- 
tures minimize the circuit’s sensitivity to external layout con- 
ditions. 


Features 

■ 500 ns settling time to 0.01 % for a 10V step 

■ 100 m A continuous output current 

■ 18 MHz gain bandwidth product 

■ Internal supply bypassing 

■ Unity gain stable 

Applications 

■ Cable Drivers 

■ High Speed Ramp Generators 
b DAC Output Amplifiers 

a Fast Buffers 
fl Sample and Holds 
b Fast Integrators 


Schematic Diagram 


OFFSET OFFSET 
ADJ ADJ 



Pinout shown for metal can package (for molded package in parenthesis) 

*On metal can package (G) pins #2 and #8 are internally connected. The case is electrically isolated. The molded package (N) does not have ground 
connections or bypass capacitors. 


Connection Diagrams 

Metal Can Package 


16-Lead Molded Dual-ln-Line Package (N) 



NC- 


16 

NC- 

2 

15 

V+— 

3 

14 

v- 

4 

13 

OUTPUT - 

5 

12 

v c +- 

6 

11 

0FFSET ADJUST - 

7 

10 

-INPUT- 

8 

9 


-NC 

-OFFSET ADJUST 
-NC 

11 -+INPUT 
-NC 
-NC 


TL/K/8840-14 


Order Number LH4104CG or LH4104G 
See NS Package Number H12B 


Top View 

Order Number LH4104CN 
See NS Package Number N16A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage, Vs 

± 18V 

Steady State Output Current, l 0 

100 mA 

Power Dissipation (See Curves) 


T a = 25°C, LH4104G, LH4104CG 

1.5W 

LH4104CN 

1.56W 

T c = 25°C, LH4104G, LH4104CG 

2.5W 


Differential Input Voltage, Vin ±30V but ^ ±2V S 

Input Voltage Range, Vcm ± 1 8V but ^ ± V s 


Operating Temperature Range, Ta 
LH4104 
LH4104C 

Storage Temperature Range, T$tg 
Maximum Junction Temperature, Tj 
Lead Temperature (Soldering < 10 sec.) 


— 55°C to + 1 25°C 
— 25°C to +85°C 
— 65°C to +150°C 
150°C 
300°C 


ESD rating is to be determined. 


DC Electrical Characteristics Vs = ±15V, Ta = 25° C unless otherwise noted (Note 1) 


Symbol 

Parameter 

Conditions 

LH4104C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

Rs = 5011 

2 

5 

10 

mV 

V 0S /AT 

Offset Voltage Drift 

Rs = 50H 

20 



1 ulV/°C 

Ib 

Input Bias Current 

Tj = 25°C, (Note 4) V C m = 0V 

200 

600 


pA 




250 

nA 

los 

Input Offset Current 

Tj = 25°C, V CM = ov 

20 

400 


pA 




200 

nA 

r in 

Input Resistance 

Tj = 25°C 

ion 



a 

a VOL 

Large Signal Voltage Gain 

r l = iooa 

106 

87 


dB (Min) 

R|_ = 1 kn 

106 

87 

80 

Vo 

Output Voltage Swing 

R l = iooa (Note 5) 


±10 


V (Min) 

R|_ = 1 ka 

±13 

±10 

±10 

Vcm 

Input Common Mode Range 


±12 

±11 

±10 

V (Min) 

CMRR 

Common Mode Rejection Ratio 

V|N = -livto +11V 

100 

80 

70 

dB (Min) 

PSRR 1 

Power Supply Rejection Ratio 

V cc = + 10V to ±15V 

100 

80 

70 

dB (Min) 

is 

Supply Current 


20 

25 


mA 


AC Electrical Characteristics V CC = ± 1 5V, Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4104C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

is 

Settling Time to 0.01 % 

A v = — 1, V| N = — 5V to +5V, R L = 100a 

500 

800 


ns 

Sr 

Slew Rate 

V| N = -lov to +iov, r l = iooa 

40 


32 

V/jLts(min) 

GBW 

Gain Bandwidth Product 


18 



MHz 

tr 


a v = i, Rl = iooa 

10 


20 

ns 
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DC Electrical Characteristics Vcc = ± 1 5V, Ta = 25°C unless otherwise noted (Notes 1 and 6) 


Symbol 

Parameter 

Conditions 

LH4104 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

Rg = 5011 

2 

io 


mV 

Vos/at 

Offset Voltage Drift 

Rg = 5011 

20 



jbtV/°C 

Ib 

Input Bias Current 

Tj = 25°C, (Note 4) V C m = 0V 

200 

600 


pA 



350 


nA 

tos 

Input Offset Current 

Tj = 25°C, V CM = 0V 

20 

400 


pA 



250 


nA 

Rin 

Input Resistance 

Tj = 25°C 

1011 



a 

Avol 

Large Signal Voltage Gain 

R l = 100a 

106 

87 


dB (Min) 

r l = i kn 

106 

87 




80 


v 0 

Output Voltage Swing 

R|_= 100H (Note 5) 


±10 


V (Min) 

r l = i kn 

+ 13 

±10 


V C M 

Input Common Mode Range 


+ 12 

±10 


V (Min) 

CMRR 

Common Mode Rejection Ratio 

V, N — livto +11V 

100 

80 


dB (Min) 



70 


PSRR 

Power Supply Rejection Ratio 

Vcc = ± 10V to ± 15V 

100 

80 


dB (Min) 



70 


•s 

Supply Current 


20 

25 


mA 


AC Electrical Characteristics Vcc = ± 1 5V, Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4104 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

ts 

Settling Time to 0.01 % 

Av = — 1, V| N = — 5V to +5V, R L = 10011 




ns 

Sr 

Slew Rate 

V| N = —10V to + 10V, r l = 100a 




V/ju,s(min) 

GBW 

Gain Bandwidth Product 


18 



MHz 

tr 

Small Signal Rise Time 

a v = i,Rl = iooa 

10 


20 

ns 


Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4104C is -25°C to +85°C, and LH4104 is 
— 55°C to + 1 25°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested). 

Note 4: Specifications is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed 
value at Tj = 25°C. 

Note 5: The output swing is limited by the maximum output current of ±100 mA when R|_ = 100ft. 

Note 6: When the LH4104 is operated at elevated temperture (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vcc °f ± 15V is 750 mW, whereas the package can only handle 500 mW without a heatsink at 125°C. 
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Typical Performance Characteristics 



FREQUENCY (Hz) 


TL/K/8840-4 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 

TL/K/8840-15 


Applications Information 

POWER SUPPLY BYPASSING 

The LH4104 will perform well in most circuit boards even 
without external supply bypassing; however it is recom- 
mended that some bulk bypassing be provided to maintain 
optimum settling time. A 0.1 ju,F disc ceramic capacitor and 
1 jaF tantalum capacitor on each supply is recommended. 
Place the bypass capacitors close to the amplifiers supply 
pins. 

COMPENSATION 

To minimize the effects of input capacitance at the 
LH4104’s inverting input and any additional layout capaci- 
tance, an external compensation capacitor must be used. 
The compensation capacitor (Cl) used in Figure 2 (Test 
Circuit Section) is typically 66 pF. The optimum value for the 
compensation capacitor depends on the application circuit 
and the board layout. 

INPUT BIAS CURRENT 

The input devices are JFETs, and will normally have input 
bias (Ib) currents in the tens of picoamps. However, these 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


TL/K/8840-5 



TL/K/8840-3 


currents vary with temperature and input voltage range. Ib 
will normally double with each 1 1°C rise in junction tempera- 
ture. 

LAYOUT PRECAUTIONS 

Grounding and circuit layout are extremely important in pre- 
serving the settling time of the LH41 04. It is important to use 
single point ground returns for inputs, loads, and feedback 
components and to keep the returns short. Compensation 
components should be located close to the appropriate pins 
to minimize stray reactances. Keep the system’s digital sig- 
nals (or any other signals with fast rise times) separated 
from the amplifier. If such signals are too close to the ampli- 
fier, they can couple capacitively to the amplifier’s inputs, 
resulting in undesirable signals at the output. 

PRESERVING AND VERIFYING THE LH4104’S FAST 
SETTLING TIME 

To realize optimum settling performance in circuits using the 
LH4104, both the design and layout must be meticulous. 
Application note AN-428, “Preserving and Verifying the 
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Applications Information (Continued) 

LF400’s Fast Settling Time”, explains the required design 
and measurement techniques. Although this application 
note was written for the LF400, it suggests good guidelines 
and is directly applicable to the LH4104. Only the sections 
covering supply bypassing and output load limitations 
should be ignored. This is because the LH4104 has internal 
bypassing capacitors and substantially greater output drive 
current than the LF400. The suggested circuits require only 
small and straightforward modifications; even the printed 
circuit board layout can be easily modified to accept the 
footprint of the LH4104 without impacting setting time. 

PROTECTION SCHEMES FOR THE LH4104 

The LH4104 has similar input characteristics of National 
Semiconductor’s BI-FETtm family of operational amplifiers. 
As such, designing with this part requires that several pre- 
cautions are observed which are uncharacteristic of other 
op amps. Application Note AN-447 covers these caveats in 
greater detail for the whole product family. (The LH4104’s 
input stage shares its topology with the LF400.) 

NEVER LEAVE AN INPUT UNATTENDED! 

If an input to the LH4104 is left open circuited (or connected 
to an analog multiplexer in a high impedance state), the 
input bias current will be drawn from the very small parasitic 
input capacitance (<10 pF). This capacitor will rapidly 
charge up to the power supply rail at a rate of dv/dt = 
•bias /c in- Since the LH4104 is a capable of large output 
currents and has no internal current limiting, it will easily be 
destroyed by excessive power dissipation if such an input 
condition exists while driving a low impedance load (e.g. 
50H). 

To avoid this condition in circuits where the LH4104 is buff- 
ering the FET switch of an analog multiplexer, one must 
connect a resistor between the input and ground to provide 
a bias current path. This will invariably degrade the effective 
input impedance of the device, so a large resistor is desir- 
able. 

For example, selecting a 1 MH resistor will result in a harm- 
less 25 mV output signal during the “deselected” state (for 
the worst case bias current of 25 nA). Increasing this resis- 
tor will increase the output signal for the deselected" state; 
decreasing it will reduce this signal while degrading the in- 
put impedance. Depending on the user’s circuit specifica- 
tions, a compromise must be selected. This resistor will not 
introduce an increase in the effective offset voltage during 
the “selected” state because the input is driven by a low 
impedance source. 

POWER SUPPLY SEQUENCING 

Adding the clamp diodes shown in Figure 1 not only pro- 
tects the inputs from transients when the circuit is operating, 
but protects them as power is being applied to the circuit. 
Because the parasitic transistor apears when the input volt- 
age is less than the negative supply, applying the positive 
supply or input voltage before the negative supply is applied 
can cause this problem. For this reason, it is always recom- 


*Pinouts shown are for the metal can package (LH4104G or LH4104CG) 


mended that the negative supply be turned on first, if the 
supplies can be turned on independently. 

Also, even if the input stage is well protected with clamp 
diodes and current limiting, the inputs should not be allowed 
to be heavily unbalanced (for example, one input at ground 
and the other at the rail) for extended periods of time (for 
example, many hours). The long-term effects of an unbal- 
anced differential pair are increased offset voltage and off- 
set current. 


V + 



TL/K/8840-13 

FIGURE 1. Clamping Inputs of Op Amp 
Vos ADJUSTMENT 

Offset voltage can be nulled using a 56K resistor and a 25K 
potentiometer connected to pins 3 and 7 as shown in Figure 
3. Bypassing the Vos adjust pins with 0.1 ju,F capacitors will 
help to avoid noise pickup. When not used for offset adjust- 
ment, pins 3 and 7 can often be left open, but to minimize 
the possibility of noise pickup the unused Vos trim pins 
should be connected to ground or V~. 

Test Circuit for Pulse Response 
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Typical Applications 


INPUT 


V + 




tl/k/8840-8 FIGURE 4. Using Resistor Current Limiting* 

FIGURE 3. Offset Null* 


v + 





TL/K/8840-12 

FIGURE 7. Unity Gain Inverter* 


’Pinouts shown are for the metal can package (LH4104G or LH4104CG) 





LH4105/LH41 


£5| National 
Slm Semiconductor 

LH4105/LH4105C Precision Fast Settling High 
Current Operational Amplifier 


PRELIMINARY 


General Description 

The LH4105 is a fast settling high current Bi-Fet op amp 
designed for applications that require a fast settling time of 
500 ns to 0.01% and 100 mA continuous output current. 
The high output current eliminates the need for a buffer to 
provide the additional current drive not available in most 
operational amplifiers. The operational amplifier also fea- 
tures a gain bandwidth product of 1 8 MHz and a slew rate of 
40V/ juls. 

Designed for use with minimum external circuitry, the 
LH4105 provides internal compensation for unity gain stabil- 
ity as well as internal supply bypass capacitors. These fea- 
tures minimize the circuit’s sensitivity to external layout con- 
ditions. 


Features 

■ 500 jllV offset voltage 

■ 500 ns settling time to 0.01% for a 10V step 

■ 100 mA continuous output current 

■ Internal supply bypassing 

■ Unity gain stable 

Applications 

■ Cable Drivers 

■ High Speed Ramp Generators 

■ DAC Output Amplifiers 

■ Fast Buffers 

■ Sample and Holds 

■ Fast Integrators 


Schematic Diagram 



Pins #2 & #8 are internally connected. Case is electrically isolated. Pins 3 and 8 are used internally, do not connect to these pins 


Connection Diagram 


Metal Can Package 


n.c.vV^(D ® © 

7© i\ « 


©/ 

. © © Vc- 


Top View 

Note: 2 and 8 are internally connected. Case is electrically isolated. Pins 3 and 8 are used internally. Do not connect to these pins. 

Order Number LH4105G or LH4105CG 
See NS Package Number G12B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage, Vs ± 1 8V 

Steady State Output Current, l 0 1 00 mA 

Power Dissipation at, Pp 

T a = 25°C, derate linearly at 1 00°C/W 2.5W 

Tc = 25°C, derate linearly at 50°C/W 1 .5W 


Differential Input Voltage, Vin 
I nput Voltage Range, Vqm 
O perating Temperature Range, T A 
LH4105 
LH4105C 

Storage Temperature Range, Tstg 
Maximum Junction Temperature, Tj 
Lead Temperature (Soldering < 10 sec.) 
ESD rating is to be determined. 


± 30V but ^ ±2V S 
± 18V but <; ±v s 

— 55°C to + 125°C 
— 25°C to + 85°C 

— 65°C to +150°C 

150°C 

300°C 


DC Electrical Characteristics Vg = ± 15V, T A = 25°C unless otherwise noted (Note 1) 


Symbol 

Parameter 

Conditions 

LH4105C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

Rg = 50ft 

0.2 

0.5 

2 

mV 

v os /at 

Offset Voltage Drift 

Rg = 50ft 

20 



jutV/°C 

>B 

Input Bias Current 

Tj = 25°C, (Note 4) V C m = 0V 

200 

600 


PA 




250 

nA 

■os 

Input Offset Current 

Tj = 25°C, V CM = 0V 

20 

400 


PA 




200 

nA 

Rin 

Input Resistance 

Tj = 25°C 

1011 



ft 

AvOL 

Large Signal Voltage Gain 

R l = 100ft 

106 

87 


dB (Min) 

R l = 1 kft 

106 

87 

80 

Vo 

Output Voltage Swing 

R l = 100ft (Note 5) 


±10 


V (Min) 

R L = 1 kft 

±13 

±10 

±10 

V CM 

Input Common Mode Range 


±12 

±11 

±10 

V (Min) 

CMRR 

Common Mode Rejection Ratio 

V| N = — 1 1 V to +11V 

100 

80 

70 

dB (Min) 

PSRR 

Power Supply Rejection Ratio 

V C c = ±10Vto ±15V 

100 

80 

70 

dB (Min) 

Is 

Supply Current 


20 

25 


mA 


AC Electrical Characteristics Vg = ± 1 5V, T A = 25°C unless otherwise noted 


Symbol 


Parameter 


Conditions 


LH4105C 


Typ 


Tested 
Limit 
(Note 2) 


Design 
Limit 
(Note 3) 


Units 

(Max Unless 
Otherwise 
Stated) 


ts 


Settling Time to 0.01 % 


A V = — 1 , V| N = — 5V to +5V, R|_ = 100ft 


500 


800 


ns 


Sr 


Slew Rate 


V| N = -10V to +10 V,R l = 100ft 


40 


32 


V/jits(min) 


GBW 


Gain Bandwidth Product 


18 


MHz 


Small Signal Rise Time 


Ay = 1, R|_ = 100ft 


10 


20 
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DC Electrical Characteristics Vs = ± 15V, Ta = 25°C unless otherwise noted (Notes 1 and 6) 


Symbol 

Parameter 

Conditions 

LH4105 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

Rs = 50ft 

0.2 

2 


mV 

V 0S /AT 

Offset Voltage Drift 

Rs = 50ft 

20 



jnV/°C 

•b 

Input Bias Current 

Tj = 25°C, (Note 4) V C m = 0V 

200 

600 


pA 



350 


nA 

los 

Input Offset Current 

Tj = 25°C, V CM = 0V 

20 

400 


pA 



250 


nA 

Rin 

Input Resistance 

Tj = 25°C 

ion 



ft 

AvOL 

Large Signal Voltage Gain 

R L = 100ft 

106 

87 


dB (Min) 

R l = 1 kft 

106 

87 




80 


Vo 

Output Voltage Swing 

R l = 100ft (Note 5) 


±10 


V (Min) 

R L = 1 kft ' 

±13 

±10 


VcM 

Input Common Mode Range 


±12 

±10 


V (Min) 

CMRR 

Common Mode Rejection Ratio 

V| N — 1 1 V to +11V 

100 

80 


dB (Min) 



70 


PSRR 

Power Supply Rejection Ratio 

Vcc = ± 1 0V to ± 15V 

100 

80 


dB (Min) 



70 


is 

Supply Current 


20 

25 


mA 


AC Electrical Characteristics Vs = ± 1 5V, Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4105 ! 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

ts 

Settling Time to 0.01 % 

Av= — 1, V| N = — 5V to +5V, R l = 100ft 

500 

800 


ns 

Sr 

Slew Rate 

V| N = -10V to +10 V,R l = 100ft 

40 


32 

V/jiis(min) 

GBW 

Gain Bandwidth Product 


18 



MHz 

tr 

Small Signal Rise Time 

A v = 1, Rl = 100ft 

10 


20 

ns 


Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4105C is -25°C to +85°C, and LH4105 is 
- 55°C to + 1 25“C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested). These limits are not used to calculate outgoing quality levels. 

Note 4: Specifications Is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed 
value at Tj = 25°C. 

Note 5: The output swing is limited by the maximum output current of ±100 mA when Rl = 100ft. 

Note 6: When the LH4105 is operated at elevated temperture (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with V C c of ±15V is 750 mW, whereas the package can only handle 500 mW without a heatsink at 125 e C. 
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Typical Performance Characteristics 

Settling Signal 
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TL/K/9159-3 



FREQUENCY (Hz) 


TL/K/9159-4 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 

TL/K/9159-5 
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Applications Information 

POWER SUPPLY BYPASSING 

The LH4105 will perform well in most circuit boards even 
without external supply bypassing; however it is recom- 
mended that some bulk bypassing be provided to maintain 
optimum settling time. A 0.1 ju,F disc ceramic capacitor and 
1 jaF tantalum capacitor on each supply is recommended. 
Place the bypass capacitors close to the amplifiers supply 
pins. 

COMPENSATION 

To minimize the effects .of input capacitance at the 
LH4105’s inverting input and any additional layout capaci- 
tance, an external compensation capacitor must be used. 
The compensation capacitor (Cl) used in Figure 2 (Test 
Circuit Section) is typically 66 pF. The optimum value for the 
compensation capacitor depends on the application circuit 
and the board layout. 

INPUT BIAS CURRENT 

The input devices are JFETs, and will normally have input 
bias (Ib) currents in the tens of picoamps. However, these 
currents vary with temperature and input voltage range. Ib 
will normally double with each 1 1°C rise in junction tempera- 
ture. 

LAYOUT PRECAUTIONS 

Grounding and circuit layout are extremely important in pre- 
serving the settling time of the LH4105. It is important to use 
single point ground returns for inputs, loads, and feedback 
components and to keep the returns short. Compensation 
components should be located close to the appropriate pins 
to minimize stray reactances. Keep the system’s digital sig- 
nals (or any other signals with fast rise times) separated 
from the amplifier. If such signals are too close to the ampli- 
fier, they can couple capacitively to the amplifier’s inputs, 
resulting in undesirable signals at the output. 

PRESERVING AND VERIFYING THE LH4104’S FAST 
SETTLING TIME 

To realize optimum settling performance in circuits using the 
LH4105, both the design and layout must be meticulous. 
Application note AN-428, “Preserving and Verifying the 
LF400’s Fast Settling Time”, explains the required design 
and measurement techniques. Although this application 
note was written for the LF400, it suggests good guidelines 
and is directly applicable to the LH4105. Only the sections 
covering supply bypassing and output load limitations 
should be ignored. This is because the LH4105 has internal 
bypassing capacitors and substantially greater output drive 
current than the LF400. The suggested circuits require only 
small and straightforward modifications; even the printed 
circuit board layout can be easily modified to accept the 
footprint of the LH4105 without impacting settling time. In 
addition, bypassing offset adjust pins 3 and 7 with 0.1 jllF 
capacitors will minimize noise pickup and preserve the set- 
tling time. 

PROTECTION SCHEMES FOR THE LH4104 

The LH4105 has similar input characteristics of National 
Semiconductor’s BI-FETtm family of operational amplifiers. 
As such, designing with this part requires that several pre- 
cautions are observed which are uncharacteristic of other 
op amps. Application Note AN-447 covers these caveats in 
greater detail for the whole product family. (The LH4105’s 
input stage shares its topology with the LF400.) 


NEVER LEAVE AN INPUT UNATTENDED 

If an input to the LH4105 is left open circuited (or connected 
to an analog multiplexer in a high impedance state), the 
input bias current will be drawn from the very small parasitic 
input capacitance (<10 pF). This capacitor will rapidly 
charge up to the power supply rail at a rate of dv/dt = 
•bias/^in* Since the LH4105 is capable of large output cur- 
rents and has no internal current limiting, it will easily be 
destroyed by excessive power dissipation if such an input 
condition exists while driving a low impedance load (e.g. 
50ft). 

To avoid this condition in circuits where the LH4105 is buff- 
ering the FET switch of an analog multiplexer, one must 
connect a resistor between the input and ground to provide 
a bias current path. This will invariably degrade the effective 
input impedance of the device, so a large resistor is desir- 
able. 

For example, selecting a 1 Mft resistor will result in a harm- 
less 25 mV output signal during the “deselected” state (for 
the worst case bias current of 25 nA). Increasing this resis- 
tor will increase the output signal for the deselected state; 
decreasing it will reduce this signal while degrading the in- 
put impedance. Depending on the user’s circuit specifica- 
tions, a compromise must be selected. This resistor will not 
introduce an increase in the effective offset voltage during 
the “selected” state because the input is driven by a low 
impedance source. 


POWER SUPPLY SEQUENCING 


Adding the clamp diodes shown in Figure 1 not only pro- 
tects the inputs from transients when the circuit is operating, 
but protects them as power is being applied to the circuit. 
Because the parasitic transistor appears when the input 
voltage is less than the negative supply, applying the posi- 
tive supply or input voltage before the negative supply is 
applied can damage the device. For this reason, it is always 
recommended that the negative supply be turned on first, if 
the supplies can be turned on independently. 


Also, even if the input stage is well protected with clamp 
diodes and current limiting, the inputs should not be allowed 
to be heavily unbalanced (for example, one input at ground 
and the other at the rail) for extended periods of time (for 
example, many hours). The long-term effects of an unbal- 
anced differential pair are increased offset voltage and off- 
set current. 



TL/K/9159-6 

FIGURE 1. Clamping Inputs of Op Amp 


3-264 








LH4106/LH4106C 



National 

Semiconductor 


LH4106/LH4106C ±5V High Speed Operational Amplifier 


General Description 

The LH4106 is a wideband op amp designed to operate with 
±5V power supplies. It features a 30 MHz bandwidth and 
can drive 50 or 75U loads directly at slew rates in excess of 
170 V/jas. 

It is intended to fulfill a wide range of applications; such as, 
precision cable drivers, buffers in high speed data acquisi- 
tion systems, and high speed peak detectors. 


Features 

■ Operates from V s of ± 5V 

■ Unity gain stable 

■ Very high slew rate— 170 V/jus 

■ Wide small signal bandwidth — 32 MHz 

■ Low supply current— 1 6 mA 

■ Drives 50 or 75H directly 

Applications 

■ Flash A/D input buffers 

■ Video amplifier 

■ High speed summing amplifiers 

■ Pulse amplifiers 

■ Precision cable drivers 


Block Diagram 



TL/K/9317-10 


Connection Diagrams 

LH4106CN 



See NS Package Number N16A 


OUTPUT 



- INPUT 


Top View 


TL/K/9317-1 


TO-5 Metal Can Package (H) 
Order Number LH4106CH or LH4106H 
See NS Package Number H10F 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vs ± 7.5 V 

Steady State Output Current, Iq 40 mA 

Power Dissipation, Pp 

(See Curve) 600 mW 

Differential Input Voltage, Vin ± Vs 

Input Voltage Range, Vcm (V+ - 0.7V) to (V 7V) 


Operating Temperature Range, Ta 
LH4106 
LH4106C 

Storage Temperature Range, Tstg 
Maximum Junction Temperature, Tj 
Lead Temperature (Soldering <10 sec.) 
ESD Rating 

(100 pF in series with 1500 ohms) 


- 55°C to +125°C 
— 25°C to +85°C 
— 65°C to +150°C 
150°C 
300°C 
±700V 


DC Electrical Characteristics 

Vs = ±5V, T a = 25°C, Rs = 50n, Rl = 100n unless otherwise noted (Note 1) 


Symbol 

Parameter 

Conditions 

LH4106C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

< 

z 

II 

o 

< 

5 

15 


mV 

VOS/AT 

Offset Voltage Drift 


10 



JLiV/°C 

Ib 

Input Bias Current 

(Note 4) 

2 

6 


/xA 

>OS 

Input Offset Current 

(Note 4) 

150 

1200 


nA 

C|N 

Input Capacitance 

A v = +1 @ 10 MHz 

1.5 



PF 

Rin 

Input Resistance 


325 



kn 

AvOL 

Large Signal Voltage Gain 

R L = Ikfl.Voui^ ±2V 

65 

60 


dB (Min) 

Vo 

Output Voltage Swing 

R l = 100H 

+ V 0 

+ 3 

+ 2 


V (Min) 

-V 0 

-2.6 

-2 


Vcm 

Input Common Mode Range 

See CMRR 


+ V S - 1.5 
-V s + 2.0 


V (Min) 

CMRR 

Common Mode Rejection Ratio 

V| N = — 3V < Vcm ^ + 3.5V 

r l = i kn 

90 

70 


db (Min) 

PSRR 

Power Supply Rejection Ratio 

V oc = ±3V to ±6V, 

R[_ = 1 kn 

80 

70 


dB (Min) 

Is 

Supply Current 

No Load 

16 

20 . 


mA 


DC Electrical Characteristics 

Vs = ±5V, Ta = 25°C, Rs = 500, Rl = 1000 unless otherwise noted (Note 1) 


Symbol 


Parameter 


Conditions 


LH4106 


Typ 


Tested 
Limit 
(Note 2) 


Design 
Limit 
(Note 3) 


Units 

(Max Unless 
Otherwise 
Stated) 


Vos 


Input Offset Voltage 


V, N = 0V 


20 


mV 


VOS/AT 


Offset Voltage Drift 


10 


JLiV/°C 


>b 


Input Bias Current 


(Note 4) 


jliA 


los 


Input Offset Current 


(Note 4) 


150 


1500 


nA 


Qn 


Input Capacitance 


A v = +1 @ 10 MHz 


1.5 


PF 


Rin 


Input Resistance 


325 


kO 


AvOL 


Large Signal Voltage Gain 


R L = 1 kO, Vqut = ±2V 


65 


60 


dB (Min) 
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LH4106/LH4106C 









LH4106/LH4106C 


DC Electrical Characteristics 

Vs = ±5V, Ta = 25°C, Rs = 50ft, Rl = 100ft unless otherwise noted (Note 1) (Continued) 


Symbol 

Parameter 

Conditions 

LH4106 

Units 

(Max Unless 
Otherwise 
Stated) 



Design 
Limit 
(Note 3) 

Vo 

Output Voltage Swing 

R L = 100ft 

+ Vo 

+ 3 

+ 2 


V (Min) 

-Vo 

-2.6 

-2 


VCM 

Input Common Mode Range 

See CMRR 


+ V S - 1.5 
-V s + 2.0 


CMRR 

Common Mode Rejection Ratio 

V| N = -3V<V C m^ + 3.5V 

R L = 1 kft 

90 

70 


db (Min) 

PSRR 

Power Supply Rejection Ratio 

Vqc = ±3Vto ±6V, 

R L = 1 kft 

80 

70 


is 

Supply Current 

No Load 

16 

20 


mA 


AC Electrical Characteristics Vs = ±5V, Ta = 25°C, Rs = Rl = 50ft unless otherwise noted (Note 1) 


Symbol 

Parameter 

Conditions 

LH4106/LH4106C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 


Settling Time to 0.1 % 


120 



ns 

SR 

Slew Rate 

V 0 = ±2V 

170 

120 


V/jas (Min) 

tr 

Small Signal Rise Time 

A V = 1,V 0 = ±0.1 V 

11 



ns 


Power Bandwidth 

(Note 6) 

7 



MHz 


Differential Gain 

NTSC, A v = +4 

<0.1 



% 


Differential Phase 

NTSC,A V = +4 

0.1 



degrees 


GBWP 


34 



MHz 


Phase Margin 


60 



degrees 


Input Noise Voltage 

f= 10 kHz 

15 



nVA/Hz 


Input Noise Current 

f= 10 kHz 

1.5 



pa/VHz 

SSBW 

Small Signal Bandwidth 

(Note 7) 

32 



MHz 


Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4106C is -25°C to +85°C, and LH4106 is -55°C 
to + 1 25°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature or temperature range. These limits are not used to calculate 
outgoing quality level. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature may exceed 
value at Tj = 25°C. 

Note 5: When the LH4106 is operated at elevated temperature (such as 125°), some form of heatsinking or forced air cooling is required. The quiescent power with 
Vs = ±5V is 160 mW, whereas, the package is only rated to 170 mW without a heatsink at 125°C. 

Note 6: Power bandwidth is calculated from slew rate measurement using BW = Slew Rate/27rV Peak. 

Note 7: Calculated from t r using SSBW = 0.35/t r . 
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Typical Performance Characteristics 

Small Signal Pulse Response 



BOTTOM = OUTPUT 
R s = R L =50n 


Large Signal Pulse Response 


BOTTOM = OUTPUT 
Rs = Rl = 50fl 



Typical Applications 

Maximum Power Dissipation 


600 

500 



\ambient\ 
\free ^ 

J JC =100°C/W 
L 

400 




\INFINITE 
\HEAT 
\ SINK 

300 



■ 160°C/w\^ 

A 


200 





A 


inn 





\ 


IUU 

0 








0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Bode Plot LH4106 



FREQUENCY (MHz) 
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LH4106/LH4106C 



Typical Applications (Continued) 



FIGURE 1. Unity Gain Follower with Offset Adjust 




FIGURE 3. Unity Gain Inverter 


TL/K/9317-15 

FIGURE 4. Switched Video Amplifier 



Pin numbers in circle denote pin connections for the dual-in-line package. 





National 

Semiconductor 


PRELIMINARY 


LH4117/LH4117C Precision RF Amplifier 


General Description 

The LH4117 is a FET-input wideband amplifier optimized for 
high speed, low gain applications. It is an ideal alternative to 
low precision open loop buffers and conventional operation- 
al amplifiers. It features a closed loop -3 dB unity gain 
bandwidth in excess of 150 MHz. Unlike conventional op- 
amps, the bandwidth is relatively independent of closed 
loop gain between 1 and 20. A high current output stage is 
also incorporated, allowing the LH4117 to drive 50ft termi- 
nated lines directly. It is an ideal choice for video distribu- 
tion, flash converter input buffering and ATE pin drivers. 

Features 

■ 150 MHz bandwidth 

■ 9 ns settling time to 0.2% 


■ 3.3 ns rise and fall times 

■ Output current to 200 mA 

■ FET-input, low bias current 

■ 2500 V/juS slew rate 
(100ft load) 

■ ±0.3 dB gain flatness 

(A V = 20) 

Applications 

■ Unity gain buffers 

■ Low gain op amp 

■ High speed peak detectors 

■ Video amplifier 


LH4117 Simplified Schematic 



TL/K/9348-1 
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LH4117/LH4117C 



LH4117/LH4117C 


Absolute Maximum Ratings 






If Military/ Aerospace specified devices are required, Input Voltage Range, (Vqm) 


±Vs 

please contact the National Semiconductor Sales Operating Temperature Range, (Ta) 


Office/Distributors for availability and specifications. LH41 1 7CD 


— 25°C to +85°C 

Supply Voltage, (Vs) 


± 18V LH4117D 


— 25°C to +125°C 

Power Dissipation, (Pd) See Graph 


2.0W Storage Temperature Range, Ostg) -65°C to + 150°C 




Maximum Junction Temperature, (Tj) 

175°C 




Lead Temperature (Soldering, <10 sec.) 

300°C 

DC Electrical Characteristics 





Vs = ±15V, Rs = 50 n, Rl = loon, Ta = 25°c unless otherwise noted. (Note 1) 








LH4117D 

Units 








(Max 

Symbol 

Parameter 


Conditions 


Tested 

Design 

Unless 





Typical 

Limit 

Limit 

Otherwise 






(Note 2) 

(Note 3) 

Noted) 

Vos 

Input Offset Voltage 


Vin = ov,t a = 

15 

20 


mV 




Tj = 25°C (Note 4) 

25 


AVos/AT 

Offset Voltage Drift 

> 

o 

II 

z 

> 

100 



jmV/°C 

>B 

Non-Inverting Input 


Ta = Tj = 25°C 

0.2 

2 


nA 


Bias Current 


Pin 4 (Note 4) 

5 


v 0 

Output Voltage Swing 

r l = ioon 


±11 


V (Min) 

PSRR 

Power Supply 


AV S = ±10V 

70 

60 


dB (Min) 


Rejection Ratio 


to ± 15V 

50 


>0 

Peak Output Current 

T a = Tj = 25°C 
(Note 5) 

200 



mA 

•s 

Supply Current 

T a = Tj = 25°C 


45 


mA 

PD 

Quiescent Power Dissipation 

(Note 5) 


1.35 


W 

DC Electrical Characteristics 





Vs = ±15V, Rs = 50a, Rl = 100n, Ta = 25°c unless otherwise noted. (Note 1) 







LH4117CD 

Units 








(Max 

Symbol 

Parameter 


Conditions 


Tested 

Design 

Unless 





Typical 

Limit 

Limit 

Otherwise 






(Note 2) 

(Note 3) 

Noted) 

Vos 

Input Offset Voltage 

V| N 

= OV, 

15 

20 

25 

mV 



Ta 

= Tj = 25°C (Note 4) 

AVqs/AT 

Offset Voltage Drift 


100 



ju,V/°C 

>B 

Non-Inverting Input 

Ta 

= Tj = 25°C 

0.2 

2 

5 

nA 


Bias Current 

Pin 4 (Note 4) 


v 0 

Output Voltage Swing 

Rl 

= iooa 


±11 

±11 

V (Min) 

PSRR 

Power Supply 

AV S = ±10V 

70 

50 


dB (Min) 


Rejection Ratio 

to ± 15V 


lo 

Peak Output Current 

Ta 

= Tj = 25°C 

200 



mA 



(Note 5) 



»S 

Supply Current 



45 


mA 

Pd 

Quiescent Power 

(Note 5) 


1.35 


W 


Dissipation 
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AC Electrical Characteristics 

Vs = ±15V, Rs = 50H, Rl = 100a, Ta = 25°c unless otherwise noted. (Note 1) 


Symbol 

Parameter 

Conditions 

LH41 17D/LH41 17CD 

Tested Design 

Typical Limit Limit 

(Note 2) (Note 3) 

Units 

(Max 

Unless 

Otherwise 

Noted) 

tr 

Small Signal Rise Time 

Vq =5V, A v = +20 

10% -90% 

3 



ns 


Settling Time to 0.2% 

V 0 = 10V 

9 



ns 

f-3dB 

Small Signal Bandwidth 

Vq = 4 Vpp, Ay = 20 

150 

100 


MHz (Min) 

f-3dB 

Large Signal Bandwidth 

V 0 = 20 V PP) A v = 20 

70 

40 


MHz 


- 1 dB Gain Compression 

Vq, f = 50 MHz, A v = +20 

20 



Vpp 

SR 

Slew Rate 

V| N = ±1V, A v = +20 

Vq = 10% -90%, Vq = +4V 

2500 

6000 



CO CO 
=L 

> > 


Harmonic Distortion 

Second Order, 

V 0 = 4 Vpp, 20 MHz 

-50 



dB 


Gain Flatness 

V|n = 100 mVpp, Av = +20 
f = DC to 50 MHz 
f = DC to 70 MHz 

±0.3 

±0.9 



dB 


Differential Gain 

(Note 6) 

0.01 



dB 


Differential Phase 

(Note 6) 

0.01 



deg 


Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH41 17C is -25°C to + 85°C, and LH41 17 is -55 6 C 
to + 1 25°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature or temperature range. These limits are not used to calculate 
outgoing quality level. 

Note 4: Specifications is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed 
value at Tj = 25°C. 

Note 5: When the LH4117 is operated at elevated temperature (such as 125°C), some form of heat sinking of forced air cooling is required. The quiescent power 
with Vs = ± 15V is 1.2W, whereas the package can only handle 660 mW without a heatsink at 125°C. 

Note 6: Differential gain and phase were measured at video levels (0 mV-750 mV) between 15.7 kHz and 3.58 MHz. The actual values are smaller than 0.01 dB 
and 0.01 deg, but could not be accurately measured with existing equipment. 

Connection Diagram 



TL/K/9348-2 

Order Number LH41 17D or LH41 17CD 
See NS Package Number D24J 
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117C 






LH4117/LH4117C 


AC Test Circuit 



The 22ft resistors in the supply line are for limiting the short circuit current. 

For a gain of 20 select Rq = 52ft. 

Slew rate measurement is done with Rq = 56ft, AVin = ±1V Step with 1 ns rise time. 


TL/K/9348-3 


Typical Performance Characteristics 


Maximum Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (C°) 

TL/K/9348-4 

Closed Loop Response, 
Uncompensated 



1 10 100 1000 



-55 - 35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


TL/K/9348-5 


Closed Loop Response, 
Peaked (+ 1 dB) 
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*For details see application section. 
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Typical Applications 



TL/K/9348-8 

FIGURE 1. Unity Gain Buffer 



TL/K/9348-9 

FIGURE 2. Amplifier 



3 - 2 ' 


'iHfe 



Typical Applications (Continued) 



FIGURE 4. Offset Adjust 


Application Hints 

The two inputs of the LH41 17 are radically different. While the non-inverting input is the gate of a FET, the inverting input is low 
impedance. 

The graph “Closed Loop Response, Uncompensated" shows gain vs. frequency using only the internal feedback resistor. This 
performance can be considerably improved by choice of RF and peaking (See graph “Closed Loop Response, Peaked”) 



TL/K/9348-12 

FIGURE 5. LH4117 as Amplifier with Compensation Elements 
Guidelines for Compensation 


A v 

Rf 

r f* 

Rg 

Cp 

Rs 
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a 





National 

Semiconductor 


LH41 18/LH41 18A/LH41 18C 
Low Gain Wide Band RF Amplifier 


General Description 


The LH4118 is a wideband amplifier optimized for high 
speed, low gain applications. It is an ideal alternative to low 
precision amplifiers. It features a closed loop -3 dB unity 
gain bandwidth in excess of 200 MHz. Unlike conventional 
op-amps, the bandwidth is relatively independent of closed 
loop gain between 1 and 5. A high current output stage is 
also incorporated, allowing the LH4118 to drive 50ft termi- 
nated lines directly. It is an ideal choice for video distribu- 
tion, flash converter input buffering and ATE pin driver. 

Features 

■ 250 MHz bandwidth 

■ 15 ns settling time to 0.1% 


■ 2.5 ns rise and fall times 

■ Output current to 100 mA 

■ 2 mV offset voltage 

■ 2500 V/p,s slew rate 
(100ft load) 

■ ±0.5 dB gain flatness 
(AV = 5) 

Applications 

■ Unity gain buffers 

■ Low gain op amp 

■ High speed peak detectors 

■ Video amplifier 

■ Flash converter driver 



LH41 18/LH41 18A/LH41 18C 






LH41 18/LH41 18A/LH41 18C 


Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, Operating Temperature Range, Ta 


please contact the National Semiconductor 

Sales 

LH4118CG 

— 25°C to +85 e C 

Office/Distributors for availability and specifications. 

LH41 1 8G, LH41 1 8AG 

— 55°C to + 1 25°C 

Supply Voltage, Vs 

±18V 

Storage Temperature Range, Tstg 

— 65°C to + 1 50°C 

Power Dissipation, Pp (See Graph) 

1.65W 

Maximum Junction Temperature, Tj 

175°C 

Output Current 

125 mA 

Lead Temperature (Soldering, < 10 sec.) 

300°C 

Non-Inverting Input Voltage Range, 

VcM(ForV s £ + 15V) (Note 1) 

±v$ 

ESD Tolerance (Note 2) 

650V 


DC Electrical Characteristics 

Unless otherwise noted, Rs = 50ft, T A = T c = 25°C, V s = ±15V (Notes 3, 4) 


Symbol 

Parameter 

Conditions 

LH4118AG | 

Units 

(Max Unless 
Otherwise 
Noted) 

Typical 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Vos 

Non-Inverting Input 

Offset Voltage 

> 

o 

II 

z 

> 

±2 

±2 

±5 


mV 

AVos 

AT 

Offset Voltage Drift 


10 



juV/’C 

>B 

Non-Inverting Input 

Bias Current 


±5 



juA 

Vo 

Output Voltage Swing 

Rl_ = 500fl 

±13 

±11 

±10.5 


V (Min) 

o 

> 

Output Voltage Swing 

R|_ = 00 

±14 

±12 

±11.5 


V (Min) 

>0 

Output Current Swing 

R[_ = 50H (Note 7) 


±100 


mA (Min) 

CMRR 

Common Mode 

Rejection Ratio 

V| N = -11V to +11V, 
V s = ± 18V 

54 

50 


dB (Min) 

PSRR 

Power Supply 

Rejection Ratio 

±V S = 9 V to 1 5 V 

AV = 6V 

72 

62 


dB (Min) 

>S 

Quiescent Supply Current 

> 

o 

II 

z 

> 

20 

25 


mA 

Pd 

Quiescent Power Dissipation 

(Note 7) 

600 

750 


mW 

C|N 

Input Capacitance 


1.5 



PF 


Connection Diagram 


GND +V S1 *) +V S1 



+V S2 
-OUT 
"V S2 


Top View 

*Pins 2 and 7 can also be left disconnected (floating) 

**The built-in 1 50ft can be used as feedback resistor for Ay = 1 . For details see applications section. 

Order Number LH41 18G, LH41 18AG or LH41 18CG 
See NS Package Number H12B 
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DC Electrical Characteristics 

Unless otherwise noted, Rs = 500, Ta = Tq = 25°C, Vs = ±15V (Notes 3, 4) 

Symbol 

Parameter 

Conditions 

LH4118G 

Units 

(Max Unless 
Otherwise 
Noted) 

Typical 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Vos 

Non-Inverting Input 

Offset Voltage 

V,M = 0V 

±2 

±5 


mV 

AVos 

AT 

Offset Voltage Drift 


10 



juV/°C 

•b 

Non-Inverting Input 

Bias Current 


±5 

±25 

±30 


jaA 

Vo 

Output Voltage 

Swing 

R|_ = 500fi 

±13 

±11 

±10.5 


V 

(Min) 

Vo 

Output Voltage Swing 

R l = °° 

±14 

±12 

±11.5 


V (Min) 

lo 

Output Current Swing 

R l = 50H (Note 7) 


±100 


mA (Min) 

CMRR 

Common Mode 

Rejection Ratio 

V|M = - 1 1 V to +11V, 
V s = ± 18V 

54 

50 


dB (Min) 

PSRR 

Power Supply 

Rejection Ratio 

±V S = 9V to 1 5 V 

AV = 6V 

72 

62 


dB (Min) 

Is 

Quiescent Supply Current 

V, N = 0V 

20 

25 


mA 

Pd 

Quiescent Power Dissipation 

(Note 7) 

600 

750 


mW 

C|N 

Input Capacitance 


1.5 



pF 

DC Electrical Characteristics 

Unless otherwise noted, Rs = 50ft, Ta = To = 25°C, Vs = ±15V (Notes 3, 4) 

Symbol 

Parameter 

Conditions 

LH4118CG 

Units 

(Max Unless 
Otherwise 
Noted) 

Typical 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Vos 

Non-Inverting Input 

Offset Voltage 

< 

z 

II 

o 

< 

±2 

±5 

±5 

mV 

AVos 

AT 

Offset Voltage Drift 


10 



juV/°C 

Ib 

Non-Inverting Input Bias Current 


±5 

±25 

±30 

jaA 

v 0 

Output Voltage Swing 

Rl = soon 

±13 

±11 

±10.5 

V 

v 0 

Output Voltage Swing 

r l = °o 

±14 

±12 

±11.5 

V (Min) 

lo 

Output Current Swing 

R l = 50H (Note 7) 


±100 

±100 

mA 

CMRR 

Common Mode 

Rejection Ratio 

V IN = — 1 1 V to +11V, 
V s = ± 18V 

54 

50 

50 

dB 

PSRR 

Power Supply 

Rejection Ratio 

±V S = 9V to 1 5V 

AV = 6V 

72 

62 

62 

dB 

is 

Quiescent Supply Current 

V, N = 0V 

20 

25 

25 

mA 

Pd 

Quiescent Power Dissipation 

(Note 7) 

600 

750 

750 

mW 

C|N 

Input Capacitance 


1.5 



PF 
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LH41 18/LH41 18A/LH41 18C 




LH41 1 8/LH4 1 1 8 A/LH4 118C 


AC Electrical Characteristics 

Unless otherwise noted, Av = + 2, Rs = 5011, R|_ = 100H, Vs = ±15V, Ta = 25°C 


PBW — 3 dB 


GF 



LH4118CG, LH4118AG 
and LH4118G 



Units 

(Max Unless 
Otherwise 
Noted) 


Power Bandwidth 


v OUT = 10 Vp.p 


0.5 MHz, -50 MHz 



0.5 MHz, -100 MHz 


Slew Rate 
LH4118AG 
LH4118G 
LH4118CG 


-1 dB Gain 
Compression 


VquT = 15 Vp.p 

20% -80% 


VoUT = 10 Vp_p 

10% -90% 


e n 

Input Noise 

Voltage 

Ay = 5, Rs — 5011, 
f = 10 MHz 

1.3 

hd 2 

Second Harmonic 
Distortion 

V 0C = 1-27 Vp.p 

Fc — 14 MHz 

-58 

hd 3 

Third Harmonic 
Distortion 

Vqc = 1.27 Vp.p 

F c = 14 MHz 

-40 

Is 

Settling Time 

A v = -1 

V| N = +5 Vp.p to 0.1% 

15 

LVBW 

—3 dB 

Low Supply 

Voltage Bandwidth 

v OUT = 0.2 Vp.p 

V S = ±5V 

230 

LVSR 

Low Supply 

Voltage Slew Rate 

Vs = ± 5V, VouT = 5 Vp.p 

20% -80% 

1400 

DG 

Differential 

Gain 

V| N = ±4 Vqc 

0.4 Vp.p AC 
f = 4 MHz 

<0.01 

PL 

Phase Linearity 

V| N = ±4 V DC 

0.4 Vp.p AC, f = 4 MHz 

<0.1 



Note 1: The input signal should be within the supply rails. Also, the input signal as well as the output signal should not be more than 30V from any supply voltage. 
Note 2: The average voltage that the weakest pin combinations can withstand and still conform to the datasheet limits. The test circuit used consists of the human 
body model of 100 pF in series with 1500H. 

Note 3: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4118CG is -25°C to +85°C, for LH4118G and 
LH41 1 8AG it is - 55°C to 1 25°C. 

Note 4: Specifications are at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed 
value at Tj = 25°C. 

Note 5: Tested limits are guaranteed and 100% production tested. 

Note 6: Design limits are guaranteed (but not production tested) over the indicated temperature or temperature range. These limits are not used to calculate 
outgoing quality level. 

Note 7: When the LH4118 is operated at elevated temperature (such as 125 # C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vs = ± 15V is 750 mW, whereas the package can only handle 550 mW without a heatsink at 125°C. 
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LH41 18/LH41 18A/LH41 18C 


Typical Performance Characteristics (Continued) 


Pulse Response 
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Applications Information 

LAYOUT 

Breadboards should have a solid ground plane and short 
point-to-point wiring. Do not use wirewrap boards or tech- 
niques. PC boards should have short connections and as 
much ground plane as possible. 

The inputs (Pins 4, 5 & 6) should have low capacitance and, 
therefore, the ground plane should be taken out around 
these pins. The body of RG should be close to Pin 5 for the 
same reason. 

It is best to have a layout without sockets, but sockets with 
short pins and receptacles do not degrade the performance 
much. 

Input and output should be led by coax or microstrip if the 
distances are more than a few inches to avoid impedance 
shifts and resulting reflections. 

Power supplies need to be bypassed with 0.01 jllF to 0.1 juF 
as close as 0.1 5" to the pins and additional 1 juF tantalum a 
maximum 1 " distant. Please make sure that the return cur- 
rent from the ground end of R[_ does not flow across the 
input: the grounding point of Rl should be close to the 
grounding points of the power supply bypass capacitors. On 
the LH4118, this comes almost natural because of the lay- 
out of the pins. 

The direct non-inverting input on pin 4, if used, should not 
see impedances of less than 100ft. 

The built-in feedback resistor (pin 8) is limited to a maximum 
dissipation of 1 50 mW. It can be used for unity gain and for 
higher gains at lower amplitudes. 


Input-to-Output Offset Zero Adjust 



This circuit lets the Vos between non-inverting input (pin 6) 
and output (pin 1 1) be adjusted. For Rq = 1 5ft the range of 
adjustment is ± 1 1 mV, for higher Rq proportionately more. 
For higher Rq it is recommended to increase R 2 to de- 
crease the range and make trimming less sensitive. 

There is also an offset between inverting and non-inverting 
input which cannot be trimmed out. 
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Typical Applications 



FIGURE 1. Bootstrapped Fiberoptic Receiver 



-t | Id Id = IbiaS + 'signal 

L . v r (-r f /r g >- v f 

R f > R 0 lBIAS r3 

] . V,N(1 +Rf/Ra 

■=■ Signal R 0 + R d 

Rd ~ 26 mV/leiAS 

TL/K/9768-7 


FIGURE 2. Fiber Optic Transmitter 
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FIGURE 3. Non-Inverting Gain Circuit 
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Rj is selected so that R| || Rg matches the line impedance (e.g., 50fl) 

FIGURE 4. Inverting Gain Circuit 
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LH41 18/LH41 18A/LH41 18C 
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LH41 18/LH41 18A/LH41 18C 







LH41 18/LH41 18A/LH41 18C 


Evaluation Board 

(3" x 3" , not to scale) 




Components 




0 “ 0 ( 




(®*®\® y 

O v jvj / c. 


LH41 18 
DEMO BOARD 


7 H=h RF rC:>- 




Schematic Diagram 



Top View 

Input and output connections are made through BNC con- 
nectors. When the indicated cut-outs are made, the connec- 
tors can be placed in-line. As an alternative, Amphenol No. 
31-4758 connectors can be used soldered upright Into the 
board. 

R1 is the termination resistor of the input line. It is mounted 
on the bottom of the board, with one side soldered flat to 
the center of the input strip-line. 


The LH41 1 8 can be soldered directly into the board or Hole- 
tight pins can be used (Augat part No. 8134-HC-5P2). These 
pins need plated through holes with a finished inner diame- 
ter of 41 ±2 Mil. For Ay = 1 the built-in Rp (150H) can be 
utilized by bridging the trace between pins 8 and 1 1. In this 
case no external Rp should be used. 
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National 

Semiconductor 


LH4124C High Slew Rate Operational Amplifier 


General Description 

The LH41 24C is a very wide bandwidth, high slew rate oper- 
ational amplifier intended to fulfill a wide variety of high 
speed applications such as buffers for A/D and D/A con- 
verters and high speed comparators. The device exhibits 
useful gain in excess of 50 MHz making it possible to use in 
video applications requiring higher gain accuracy than is 
usually associated with such amplifiers. 

The LH4124C’s combination of wide bandwidth and high 
slew rate make it an ideal choice for a variety of high speed 
applications including active filters, oscillators, and compar- 
ators as well as many high speed general purpose applica- 
tions. 

The LH4124C is guaranteed over the temperature range 
— 25°C to +85°C. 


Features 

■ Very high slew rate 500 V/jas at Av = +1 

■ Wide small signal bandwidth 70 MHz 

■ Wide large signal bandwidth 15 MHz 

■ High output swing — ±12V into Ik 

■ Offset null with single pot 

■ Low input offset 2 mV 

Applications 

■ Flash A/D input buffer 

■ Video amplifier 

■ High frequency oscillator 

■ Active filter 


Schematic and Connection Diagrams 


COMP/NULL 




TL/K/10031-5 

Top View 


Order Number LH4124CN 
See NS Package Number N16A 
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LH4124C 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage ±18V 

Input Voltage Equal to Supply 

Differential Input Voltage ± 5 V 


Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec.) 

ESD 


600 mW 
— 25°C to + 85°C 
— 65°C to + 150°C 
300°C 
TBD 


DC Electrical Characteristics (Notes 1, 2) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

R S = 50 n, T a = 25°C 


5.0 

8.0 

mV 


Rs — 50a 



10.0 

mV 

Average Temperature 

Vs = ±15V,Rs = son 





Coefficient of Input 

Offset Voltage 

— 25°C to +85°C 


25 



Input Offset Current 

T a = 25° C 


4.0 


fiA 






juiA 

Input Bias Current 

T a = 25°C 


18 

mm 

fiA 






jliA 

Supply Current 

No Load 



15 

mA 

Large Signal Voltage 



4 


V/mV 

Gain 





V/mV 

Input Voltage Range 

V s = ±15V 

±12 

±13 


V 

Output Voltage 

V s = ±15V,R L = Ik, T A = 25°C 

±10 

±13 


V 

Swing 

V s = ± 15V, Rl. = Ik 

±10 



V 

Slew Rate 

V S = ±15V,R L = Ik, 

Ci = C 2 — 30 pF 

A v = +1,T A = 25°C (Note 3) 

250 

400 


V/fxS 

Common Mode 

V s = ± 15V, AV| N = ±10V 


60 


dB 

Rejection Ratio 

Rs — 50H 



Power Supply 

±5V<: V s <: ± 18V 


60 


dB 

Rejection Ratio 

Rs = son 




Note 1: These specifications apply for Vs = ± 15V. 

Note 2: LH4124C is 100% production tested at 25°C only. Specifications at temperature extremes are verified by sample testing. These limits are not used to 
calculate outgoing quality level. 

Note 3: Not 100% production tested, verified by sample testing only. Limits are not used to calculate outgoing quality level. 


Frequency Compensation 


TABLE I 


Closed 

Loop Gain 

Ci 

c 2 

C 3 

100 

0 

0 

0 

20 

0 

0 

0 

10 

0 

20 pF 

IpF 

1 

30 pF 

30 pF 

3 pF 


Frequency Compensation Circuit 

C3 



TL/K/10031-6 
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Typical Performance Characteristics 
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Package Power Dissipation 
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Large Signal Frequency 
Response 
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Open Loop Frequency 



10k 100k 1M 10M 100M 


TEMPERATURE (°C) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 


V S = ±15 

T. = 9.W. 



Cl =C2 
Ri = Ik 

= 3C 

PF 






V = 
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t 
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Input Voltage vs Supply 



0 5 10 15 20 


Output Voltage Swing 



0 5 10 15 20 


TIME (ns) 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


Supply Current vs Supply 
Voltage 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


| 

z 

LU 

OH 

QL 

=3 

0 

1 

5 


Input Bias Current 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


TL/K/10031-7 


Applications Information 
1.0 Layout Considerations 

The LH4124C, like most high speed circuitry, is sensitive to 
layout and stray capacitance. Power supplies should be by- 
passed as close to the device as possible with at least 
0.01 jllF ceramic capacitor. Compensating capacitors 
should also be placed as close to the device as possible. 


2.0 Compensation 
Recommendations 

Compensation schemes recommended in Table I work well 
under typical conditions. However, poor layout and long 
lead lengths can degrade the performance of the LH4124C 
or cause the device to oscillate. Slight adjustments in the 
values for Cl, C2 and C3 may be necessary for a given 
layout. In particular, when operating at a gain of - 1 , C3 may 
require adjustment in order to perfectly cancel the input ca- 
pacitance of the device. 

When operating the LH4124C at a gain of + 1 , the value of 
R1 should be at least 1 kn. 
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LH4124C 


3.0 Heat Sinking 

The LH4124C is specified for operation without the use of 
an explicit heat sink. However, internal power dissipation 
does cause a significant temperature rise. Improved offset 
voltage drift can be obtained by limiting the temperature rise 
with a clip-on heat sink. 

Typical Applications 


TTL Compatible Comparator 

10k 


Offset Null 



TL/K/10031 -2 



Video Amplifier 

+12V 



TL/K/10031 -4 
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National 

Semiconductor 


LH4141C 

0.2 Amp Power Operational Amplifier 


General Description 

The LH4141C is a general purpose operational amplifier ca- 
pable of delivering large output currents not usually associ- 
ated with conventional 1C Op Amps. The LH4141C delivers 
currents of 200 mA at voltage levels closely approaching 
the available power supplies. In addition, both the inputs 
and outputs are protected against overload. The devices 
are compensated with a single external capacitor and are 
free of any unusual oscillation or latch-up problems. 

The LH4141C is particularly suited for applications such as 
torque driver for inertial guidance systems, diddle yoke driv- 
er for alpha-numeric CRT displays, cable drivers, and pro- 
grammable power supplies for automatic test equipment. 


Features 

■ Output current 0.2 Amp 

■ Output voltage swing ±14V into 100H 

■ Wide full power bandwidth 15 kHz 

■ Low standby power 1 00 mW at ± 1 5V 

■ Low input offset voltage 

and current 1 mV and 20 nA 

■ High slew rate 3.0 V/ju,s 

■ High open loop gain 100 dB 

Applications 

■ Yoke driver 

■ Programmable power supplies 

■ Cable driver 

■ Servo amplifier 


Schematic and Connection Diagrams 



COMP 

C (EXT) 3000 pF 
OUT 


IN(-) 
IN (+) 
OFFSET NULL 

V. 

'sc- 

NC 

V* 

NC 


TL/K/1 0009-2 

Order Number LH4141CN 
See NS Package Number N16A 



*Rsc is an external short circuit current limiting resistor. 


TL/K/10009-1 
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LH4141C 


Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Peak Output Current (Note 2) 

please contact the National Semiconductor Sales Output Short Circuit Duration 


0.5 Amp 

Office/Distributors for availability and specifications. (Note 3) 




Continuous 

Supply Voltage 

± 1 8 V Operating Temperature Range 

— 25°C to +85°C 

Power Dissipation 

See Curves Storage T emperature Range 

— 65°C to + 1 50°C 

Differential Input Voltage 

± 30V Lead T emperature (Soldering, 1 0 sec.) 

300°C 

Input Voltage (Note 1) 

± 15V 





DC Electrical Characteristics (Notes 4 & 5 ) 





Parameter 

Conditions 

Limits 

Units 

Min 

Typ 

Max 




Input Offset Voltage 

R S ^ 10011, T a = 25°C 


3.0 

6.0 

mV 


Rs ^ 100fl 



7.5 

mV 

Voltage Drift with Temperature 

R s <: ioon 


5 


juV/°C 

Offset Voltage Drift with Time 



. 5 


: juV/Week 

Offset Voltage Change with Output Power 



15 


juV/W 

Offset Voltage Adjustment Range 



20 


mV 

Input Offset Current 

T a = 25°C 


50 

200 

nA 





500 

nA 

Offset Current Drift with Temperature 



0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 


nA/Week 

Input Bias Current 

T a = 25°C 


200 

500 

nA 





1.0 

fxA 

Input Resistance 

T a = 25°C 

0.3 

1.0 


Ma 

Input Capacitance 



3 


PF 

Common Mode Rejection Ratio 

r s <; 100a, av C m = ±iov 

70 

90 


dB 

Input Voltage Range 

V s = ±15V 

±12 



V 

Power Supply Rejection Ratio 

R s ^ 100a, AVs = ±10V 

70 

90 


dB 

Voltage Gain 

Vs = +15V, V 0 = +10V 

R l = 1 kn, T a = 25°C 

V S = ±15V, V 0 = +10V 

100 

200 


V/mV 


R|_ = 100a 

20 



V/mV 

Output Voltage Swing 

V s = +15V, R l = 100a 

±13.0 

±14.0 


V 

Output Short Circuit Current 

V s = ±15V,T A = 25°C 
(Note 6) 


200 

300 

mA 

Power Supply Current 

V s = ±15V,V O ut = 0V 


3.0 

4.0 

mA 

Power Consumption 

V S = ±15V, Vqut = 0V 


90 

120 

mW 
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AC Electrical Characteristics (Note7),T A = 25°c,v s = ±i5v,c c = 3000 pF 


Parameter 

Conditions 

Limits 

Units 

Min 

Typ 

Max 

Slew Rate 

a v = +i,Rl= ioon 

1.0 

3.0 


V/jus 

Power Bandwidth 

r l = ioon 


20 


kHz 

Small Signal Transient Response 



0.3 

1.5 

JAS 

Small Signal Overshoot 



10 

30 

% 

Settling Time (0.1%) 

AV| N = 10V, A v = +1 


4 


/AS 

Overload Recovery Time 



3 


JAS 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 


% 

Input Noise Voltage 

R s = 50H, B.W. = 1 0 Hz to 1 0 kHz 


5 


jaV(rms) 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 


nA(rms) 


Note 1: Rating applies for supply voltages above ±15V. For supplies less than ±15V, rating is equal to supply voltage. 

Note 2: Rating applies for Rsc = Oft. 

Note 3: Rating applies as long as package power dissipation rating is not exceeded. 

Note 4: Specifications apply for ±5V ^ Vs ^ ±18V, and -25°C ^ Tc ^ +85°C unless otherwise specified. Typical values are for 25°C only. 

Note 5: LH4141C is 100% production tested at 25°C only, specifications at temperature extremes are verified by sample testing but these limits are not used to 
calculate outgoing quality level. 

Note 6: Rating applies for Rsc = 3.3ft. 

Note 7: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 
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LH4141C 


Typical Performance Characteristics 


Package Power Dissipation 



0 25 50 75 100 125 150 


Output Voltage Swing 



4 6 8 10 12 14 16 18 20 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 


TEMPERATURE (°C) 


SUPPLY VOLTAGE (±V) 


FREQUENCY (Hr) 


Large Signal Frequency 
Response 



Ik 10k 100k 1M 

FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



0 5 10 15 20 25 30 35 

TIME (/ts) 


No Load Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (tV) 


Short Circuit Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

CASE TEMPERATURE (°C) 


Input Bias Current 



5 10 15 20 

SUPPLY VOLTAGE (iV) 


Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (tV) 


Input Current 



Input Voltage Range 



5 10 15 20 

SUPPLY VOLTAGE (*V) 


Input Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


TL/K/ 10009-3 
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MEAN SQUARE NOISE CURRENT (A 2 /Hz) 
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Typical Applications (Continued) 


Operation from Single Supplies 

10VfSV + ^36V 



>iv=sv 0 UT <;v+-iv 


TL/K/10009-11 


V“+3V=SV|u 



TL/K/ 10009- 12 


Operation from Non-Symmetrical Supplies 

V + < 36V + V“ V + > +5V 


V*-3V^V, n ^V“+3V 



TL/K/ 10009- 13 

*For additional offset null circuit techniques see National Linear Applications Handbook. 
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LH4161A/LH4161/LH4161C 



National 

Semiconductor 


PRELIMINARY 


LH4161A/LH4161/LH4161C 
High Speed Operational Amplifier 


General Description 

The LH4161 high-speed amplifier exhibits an excellent 
speed-power product in delivering 300 V/juls and 50 MHz 
unity gain stability with only 5 mA of supply current. Further 
power savings and application convenience are possible by 
taking advantage of the wide dynamic range in operating 
supply voltage which extends all the way down to +5V. 
These amplifiers are built with National’s new VIPtm (Verti- 
cally Integrated PNP) process which provides fast PNP tran- 
sistors that are true complements to the already fast NPN 
devices. This advanced junction-isolated process delivers 
high-speed performance without the need for complex and 
expensive dielectric isolation. 

In addition, they are precision laser trimmed to guarantee 
low offset voltage. 


Features 

■ High slew rate 

■ High unity gain freq 

■ Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved, easy to apply 

■ Low offset voltage 

■ Pin compatible with LM6161 


300 V/jas 
50 MHz 
5 mA 
120 ns to 0.1% 
<0.1% 
0.1° 

4.75V to 32V 


±1 mV 


Applications 

■ Low differential gain and phase amplifier 

■ Fast pulse amplifier 

■ High frequency filters and oscillators 


Connection Diagrams 


N/C 



Top View 

Order Number LH4161AH, LH4161H or LH4161CH 
See NS Package Number H10F 



Order Number LH4161AJ, LH4161J or LH4161CJ 
See NS Package Number J08A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V") 36V 

Differential Input Voltage (Note 8) ± 8V 

CM Voltage (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to GND 

(Notel) Continuous 

DC Electrical Characteristics (Note 3) 


Lead T emperature (Soldering, 1 0 sec.) 260°C 

Storage Temperature Range - 65°C to + 1 50°C 


Operating Temperature Range (Note 2) 
LH4161A/LH4161 
LH4161C 

Max. Junction Temperature 
ESD Tolerance (Notes 8 and 9) 
Operating Supply Voltage Range 


— 55°C to +125°C 
— 25°C to + 85°C 
150°C 
±700V 
4.75V to 32V 


Parameter 

Conditions 

Typ 

LH4161A 

LH4161 

LH4161C 

Units 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Input Offset Voltage 


0.5 

1 

3 


2 

s 


4 

6 

mV 

Max 

Input Offset Voltage 
Average Drift 


10 







ju.V/°C 

Input Bias Current 


2 

3 

6 


3 

6 


5 

6 

jllA 

Max 

Input Offset Current 


150 

350 

800 


350 

800 


1500 

1900 

nA 

Max 

Input Offset Current 
Average Drift 


0.4 







nA/°C 

Input Resistance 

Differential 

325 







ka 

Input Capacitance 

A v = +1 @ 10 MHz 

1.5 







pF 

Large Signal 

Voltage Gain 

VoUT = ±iov. R l = 2kH 
(Note 11) 

750 

550 

300 


550 

300 


400 

350 

V/V 

Min 

R l = 10 kfl 

2900 







V/V 

Input Common-Mode 
Voltage Range 

Supply = ± 1 5V 

+ 14.0 

+ 13.9 

+ 13.8 


+ 13.9 

+ 13.8 


+ 13.8 

+ 13.7 

V 

Min 

-13.2 

-12.9 

- 12.7 


-12.9 

- 12.7 


-12.8 

- 12.7 

V 

Min 

Supply = + 5V 
(Note 6) 

4.0 

3.9 

3.8 


3.9 

3.8 


3.8 

3.7 

V 

Min 

1.8 

2.0 

2.2 


2.0 

2.2 


2.1 

2.2 

V 

Max 

Common-Mode 
Rejection Ratio 

-10V ^ V C m £ +10V 

94 

80 

74 


80 

74 


72 

70 

dB 

Min 

Power Supply 
Rejection Ratio 

±10V <; V± <; ± 16V 

90 

80 

74 


80 

74 


72 

70 

dB 

Min 

Output Voltage 

Swing 

Supply = ±15V 
and Ri_ = 2 kH 

+ 14.2 

+ 13.5 

+ 13.3 


+ 13.5 

+ 13.3 


+ 13.4 

+ 13.3 

V 

Min 

-13.4 

-13.0 

- 12.7 


-13.0 

- 12.7 


-12.9 

- 12.8 

V 

Min 

Supply = + 5V 
and Rl = 2 kfl 
(Note 6) 

4.2 

3.5 

3.3 


3.5 

3.3 


3.4 

3.3 

V 

Min 

1.3 

1.7 

2.0 


1.7 

2.0 


1.8 

1.9 

V 

Max 

Output Short 

Circuit Current 

Source 

65 

30 

20 


30 

20 


30 

25 

mA 

Min 

Sink 

65 

30 

20 


30 

20 


30 

25 

mA 

Min 

Supply Current 


5.0 

6.5 

6.8 


6.5 

6.8 


6.8 

6.9 

mA 

Max 
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AC Electrical Characteristics (Notes 3 & 7) 





LH4161A 

LH4161 

LH4161C 


Parameter 

Conditions 

Typ 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Units 

Gain-Bandwidth 

@F = 20 MHz 


40 


40 





Product 

Supply = ±5V 









Slew Rate 

A v = +1 (Note 10) 






200 


V/jLtS 

Min 


Supply = +5V 








V/jns 

Power Bandwidth 

VoUT = 20 Vpp 








MHz 

Settling Time 

10V Step to 0.1% 

Av = — 1 , R|_ = 2 kfl 

120 







ns 

Phase Margin 


45 







Deg 

Differential Gain 

NTSC, A v = +4 

<0.1 







% 

Differential Phase 

NTSC, A v = +4 

0.1 







Deg 

Input Noise Voltage 

f = 10 kHz 

15 







nVA/Hi 

Input Noise Current 

f = 10 kHz 

1.5 







pAA/Hz 


Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the cerdip (J) package is 125°C/W, and the TO-5 (H) package is 155°C/W. All numbers apply for 
packages soldered directly into a printed circuit board. 

Note 3: Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C with supply voltage = ±15V, Vcm = OV, and Rl ^ 100 kft. Boldface limits apply 
over the range listed under “Operating Temperature Range” with Ta = Tj in the “Absolute Maximum Ratings” section. 

Note 4: Guaranteed and 100% production tested. These limits are used to calculate outgoing AQL levels. 

Note 5: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 6: For single supply operation, the following conditions apply: V+ = 5V, V - = 0V, Vcm = 2-5V, v OUT = 2.5 V. 

Note 7: C L ^ 5 pF. 

Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos. los and 
Noise). 

Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft. 

Note 10: V|n = 8V step. For supply = ±5V, V|n = 5V step. 

Note 11: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 
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Typical Performance Characteristics Rl = 10k and Ta = 25°C unless otherwise specified 


Power Dissipation Curve 


Input Current Noise 
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Bias Current vs 
Common-Mode Voltage 

5 

4 

3 

2 

1 

0 

-15 -10 -5 0 5 10 15 

COMMON-MODE VOLTAGE (V) 



Input Offset Current 



-55 -35 -15 5 25 45 65 85 105 125 


Input Offset Voltage 



-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


TEMPERATURE (°C) 
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+/“ SUPPLY VOLTAGE (V) 


♦/“ SUPPLY VOLTAGE (V) 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Voltage Gain vs 
Load Resistance 



0.1 1 10 100 
LOAD RESISTANCE (kn) 


Output Resistance 



10k 20k 1M 10M 100M 

FREQUENCY (Hz) 



2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (+/-V) 

TL/K/9767-5 
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LH4161A/LH4161/LH4161C 




LH4161A/LH4161/LH4161C 


Typical Performance Characteristics (Continued) 


Input Noise Voltage 

100k I 1 T 1 T 



10 > 1 1 1 -1 1 1 

1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

TL/K/9767-4 

Typical AC Characteristics 


Step Response; Ay = + 1 



TL/K/9767-7 



2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (+/-V) 

TL/K/9767-6 


Gain & Phase; Ay = +100 



TL/K/9767-8 


Application Hints 

The LH4161 has been compensated for unity-gain opera- 
tion. Since this compensation involved adding emitter-de- 
generation resistors in the op amp’s input stage, the open- 
loop gain was reduced as the stability increased. Gain error 
due to reduced Avol is most apparent at high gains. 

The LH4161 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (especially in low-gain circuits). 
However, load capacitance on the LH4161 effectively in- 
creases its compensation capacitance, thus slowing the op 
amp’s response and reducing its bandwidth. 

Power supply bypassing is not as critical for the LH41 61 as 
it is for other op amps in its speed class. However, bypass- 
ing will improve the stability and transient response of the 
LH4161, and is recommended for every design. 0.01 jaF to 


0.1 juF ceramic capacitors should be used (from each sup- 
ply “rail” to ground); if the device is far away from its power 
supply source, an additional 2.2 to 10 jliF of tantalum may 
be required for extra noise reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling from one pin, input or lead to another, and can cause 
circuit gain to unintentionally vary with frequency. 
Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 
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Typical Applications 


1 MHz Low-Pass Filter 
fc = V(RiR 2 CiC 2 ) 



t 1 % tolerance TL/K/9767-9 

•Matching determines filter precision 


Modulator with Differential-to-Single-Ended Converter 


+ 12V 



TL/K/9767-10 


3 
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LH4161A/LH4161/LH4161C 



LH4162A/LH4162/LH4162C 



National 

Semiconductor 


PRELIMINARY 


LH4 1 62A/LH4 1 62/LH4 1 62C 

Dual High Speed Operational Amplifier 


General Description 

The LH4162 high-speed amplifier exhibits an excellent 
speed-power product in delivering 300 V/jus and 50 MHz 
unity gain stability with only 5 mA of supply current. Further 
power savings and application convenience are possible by 
taking advantage of the wide dynamic range in operating 
supply voltage which extends all the way down to + 5V. 
These amplifiers are built with National’s new VIPtm (Verti- 
cally Integrated PNP) process which provides fast PNP tran- 
sistors that are true complements to the already fast NPN 
devices. This advanced junction-isolated process delivers 
high-speed performance without the need for complex and 
expensive dielectric isolation. 

In addition, they are precision laser trimmed to guarantee 
low offset voltage. 


Features 

■ High slew rate 

■ High unity gain frequency 

■ Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved, easy to apply 

■ Low offset voltage 


300 V/jnS 
50 MHz 
5 mA 
120 ns to 0.1% 
<0.1% 
0.1° 

4.75V to 32V 


±1 mV 


Applications 

■ Low differential gain and phase video amplifiers 

■ Fast pulse amplifiers 

■ High frequency filters and oscillators 


Connection Diagrams 


V+(1) 



TL/K/9769-1 

Top View 

Order Number LH4162AH, LH4162H or LH4162CH 
See NS Package Number HI OF 



v+(1) 

0UPUT(1) 
V-0) 
+INPUT (1 ) 
INPUT (1 ) 


Top View 


Order Number LH4162AJ, LH4162J or LH4162CJ 
See NS Package Number J16A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V - ) 36V 

Differential Input Voltage (Note 8) ± 8V 

CM Voltage (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to GND 

(Notel) Continuous 

DC Electrical Characteristics (Note 3) 


Lead Temperature (Soldering, 1 0 sec.) 260°C 

Storage T emperature Range - 65°C to + 1 50°C 


Operating Temperature Range (Note 2) 

LH4162A/LH4162 -55°Cto +125°C 

LH4162C — 25°C to +85°C 

Max. Junction T emperature 1 50°C 

ESD Tolerance (Notes 8 and 9) ±700V 

Operating Supply Voltage Range 4.75V to 32V 


Parameter 

Conditions 

Typ 

LH4162A 

LH4162 

LH4162C 

Units 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Input Offset Voltage 


0.5 

2 

4 


3 

6 


4 

6 

mV 

Max 

Input Offset Voltage 
Average Drift 


10 







juA//°C 

Input Bias Current 


2 

3 

6 


3 

6 


5 

6 

jU/A 

Max 

Input Offset Current 


150 

350 

800 


350 

800 


1500 

1900 

nA 

Max 

Input Offset Current 
Average Drift 


0.4 







nA/°C 

Input Resistance 

Differential 

325 







ka 

Input Capacitance 

A v = +1 @ 10 MHz 

1.5 







PF 

Large Signal 

Voltage Gain 

Vqut = ±10V,R L = 2kH 
(Note 11) 

750 

550 

300 


550 

300 


400 

350 

V/V 

Min 

R L = 10 ka 

2900 







V/V 

Input Common-Mode 
Voltage Range 

Supply = ± 15V 

+ 14.0 

+ 13.9 

+ 13.8 


+ 13.9 

+ 13.8 


+ 13.8 

+ 13.7 

V 

Min 

-13.2 

-12.9 

-12.7 


-12.9 

-12.7 


-12.8 

-12.7 

V 

Min 

Supply = + 5V 
(Note 6) 

4.0 

3.9 

3.8 


3.9 

3.8 


3.8 

3.7 

V 

Min 

1.8 

2.0 

2.2 


2.0 

2.2 


2.1 

2.2 

V 

Max 

Common-Mode 
Rejection Ratio 

- 10 V <; V C m ^ +iov 

94 

80 

74 


80 

74 


72 

70 

dB 

Min 

Power Supply 
Rejection Ratio 

± 10V <L ± 16V 

90 

80 

74 


80 

74 


72 

70 

dB 

(Min) 

Output Voltage 

Swing 

Supply = ± 1 5V 
and R(_ = 2 kfl 

+ 14.2 

+ 13.5 

+ 13.3 


+ 13.5 

+ 13.3 


+ 13.4 

+ 13.3 

V 

Min 

-13.4 

-13.0 

-12.7 


-13.0 

-12.7 


-12.9 

-12.8 

V 

Min 

Supply = + 5V 
and R|_ = 2 kft 
(Note 6) 

4.2 

3.5 

3.3 


3.5 

3.3 


3.4 

3.3 

V 

Min 

1.3 

1.7 

2.0 


1.7 

2.0 


1.8 

1.9 

V 

Max 

Output Short 

Circuit Current 

Source 

65 

30 

20 


30 

20 


30 

25 

mA 

Min 

Sink 

65 

30 

20 


30 

20 


30 

25 

mA 

Min 

Supply Current 

Per Amplifier 

5.0 

6.5 

6.8 


6.5 

6.8 


6.8 

6.9 

mA 

Max 
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LH4 1 62A/LH4 1 62/LH4 1 62C 




LH41 62A/LH4 1 62/LH41 62C 


AC Electrical Characteristics (Notes 3 & 7) 


Parameter 

Conditions 

Typ 

LH4162A 

LH4162 

LH4162C 

Units 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Gain-Bandwidth 

Product 

@F = 20 MHz 

50 

40 


40 


35 


MHz 

Min 

v+ = +5V 

35 







MHz 

Slew Rate 

A v = +1 (Note 10) 

300 

225 


225 


200 


V/jULS 

Min 

V+ = ±5V 

200 







V/jus 

Power Bandwidth 


4.5 







MHz 

Settling Time 

10V Step to 0.1% 

Ay = — 1 , R|_ — 2 kfi 

120 







ns 

Phase Margin 


45 

3 






Deg 

Differential Gain 

NTSC, Ay = +4 

<0.1 







% 

Differential Phase 

NTSC, Ay = +4 

0.1 







Deg 

Input Noise Voltage 

f = 10 kHz 









Input Noise Current 

f = 10 kHz 

1.5 









Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the cerdip (J) package is 85°C/W, and the TO-5 (H) package is 1 55°C/W. All numbers apply for 
packages soldered directly into a printed circuit board. 

Note 3: Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C with supply voltage = ± 15V, Vqm = OV, and R[_ ^ 100 kn. Boldface limits apply 
over the range listed under "Operating Temperature Range” with Ta = Tj in the "Absolute Maximum Ratings” section. 

Note 4: Guaranteed and 100% production tested. These limits are used to calculate outgoing AQL levels. 

Note 5: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 6: For single supply operation, the following conditions apply: V+ = 5V, V - = 0V, Vqm = 2.5V, Vqut = 2.5V. 

Note 7: C L <; 5 pF. 

Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos. tos and 
Noise). 

Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft. 

Note 10: V|n = 8V step. For supply = ±5V, Vin = 5V step. 

Note 11: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 
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Typical Performance Characteristics Rl = 10k and Ta = 25°C unless otherwise specified 


Power Dissipation 



10 30 50 70 90 110 130 150 170 
TEMPERATURE. °C 


Gain-Bandwidth 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Common-Mode 
Rejection Ratio 



1 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

Propagation Delay 



-55 -35-15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


Power Supply 


Rejection Ratio 



1 KHz lOKHz lOOKHz 1MHz 


FREQUENCY (Hz) 

Settling Time vs 


Input Step 



0 2 4 6 8 10 

INPUT STEP (V) 


Gain-Bandwidth Product 



10 pF lOOpF InF 10nF lOOnF 1 /iF 



£ 

CO 


Slew Rate vs 
Load Capacitance 





V S = ±15V 

Ay = +1 

T a = 25®C 

s^Pos. 



\ 










\ 

\ 




Neg. 






\ 










1 0 pF lOOpF InF 10nF lOOnF 1 /xF 


Overshoot vs 
Load Capacitance 



1 0 pF lOOpF lOOOpF 0.01 ^F 


LOAD CAPACITANCE 


LOAD CAPACITANCE 


LOAD CAPACITANCE 


Frequency Response, 
Ay = + 1 (Follower) 



1M 10M 100M 


Frequency Response, 
A v = -1 



Frequency Response, 



1M 10M 100M 


GAIN = 1 0 dB/DIV GAIN = 1 0 dB/DIV GAIN = 1 0 dB/DIV 

PHASE = 45°/DIV PHASE = 45°/DIV PHASE = 45°/DIV 

TL/K/9769-3 
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LH4 1 62A/LH4 1 62/LH4 1 62C 


Typical Performance Characteristics (Continued) 


Input Noise Voltage 


Input Current Noise 


Power Bandwidth 


'N 

\ 



T a = 

25°C 


S 



















1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 






Ta= 

25°C 


\ 

V 






s 

X 

. 









1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



20 

FREQUENCY (MHz) 


Bias Current vs 
Common-Mode Voltage 



-15 -10 -5 0 5 10 15 

COMMON-MODE VOLTAGE (V) 


Input Offset Current 

6 Representative J 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Input Offset Voltage 


6 Representative 
Units 


-15 > 1 1 1 1 1 1 1 1 ' 

-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Common-Mode Input 
Saturation Voltage 








— i — 
25°C 

1 









S 

























2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Output Saturation Voltage 







Ta 

= 25°C 
= 2kfl 
1 









s 

























2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Output Resistance 



10k 20k 1M 10M 100M 

FREQUENCY (Hz) 


Gain vs Supply Voltage 



■■ 

■ 







p3 












ci 




SB 

S 



■■ 




2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Voltage Gain vs 
Load Resistance 


■■mil ■iiiiiiin 
mmwwmm 

■iiim^iiiaii 

KiiiHIIIIIIIH 


1 10 
LOAD RESISTANCE (kXl) 


Positive Slew Rate 


340 

□ 

□ 

300 

r l 

= 1( 

: j 




260 


_ 




220 




□ 

/ 

180 

| 25°C 


r 

n 

140 

t 

t 


2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (+/-V) 
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Typical Performance Characteristics (Continued) 


Supply Current vs 
Supply Voltage 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE 



2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (+/-V) 


TL/K/9769-6 


TL/K/9769-5 


Typical AC Characteristics 

Step Response; Av = + 1 



Gain & Phase; Av = + 100 



TL/K/9769-9 
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LH4162A/LH4162/LH4162C 



LH4 1 62 A/LH4 1 62/LH4 1 62C 


Application Hints 

The LH4162 has been compensated for unity-gain opera- 
tion. Since this compensation involved adding emitter-de- 
generation resistors in the op amp’s input stage, the open- 
loop gain was reduced as the stability increased. Gain error 
due to reduced Avol is most apparent at high gains. 

The LH4162 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (especially in low-gain circuits). 
However, load capacitance on the LH4162 effectively in- 
creases its compensation capacitance, thus slowing the op 
amp’s response and reducing its bandwidth. 

Power supply bypassing is not as critical for the LH4162 as 
it is for other op amps in its speed class. However, bypass- 
ing will improve the stability and transient response of the 
LH4162 and is recommended for every design. 0.01 juiF to 

Typical Applications 


0.1 fxF ceramic capacitors should be used (from each sup- 
ply “rail” to ground); if the device is far away from its power 
supply source, an additional 2.2 jxF to 10 jmF of tantalum 
may be required for extra noise reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling from one pin, input or lead to another, and can cause 
circuit gain to unintentionally vary with frequency. 
Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


1 MHz Low-Phase Filter 

fc = Vz 7r V(Ri F?2 Ci C 2 ) 



TL/K/9769-10 


tl % tolerance 

* Matching determines filter precision 
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Typical Applications (Continued) 

Modulator with Differentlal-to-SIngle-Ended Converter 


+12V 



Full Wave Rectifier 

Ik 



TL/K/9769-12 


TL/K/9769-1 1 


3 
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LH4200 


National 
mSi Semicon 


PRELIMINARY 


f£m Semiconductor 

LH4200 General Purpose GaAs FET Amplifier 


General Description 

This is a general purpose low noise, AC coupled, high fre- 
quency amplifier useful for applications from 500 KHz to 
1 GHz. It features a Gallium Arsenide input stage for high 
frequency performance and bipolar second and third stages 
for low output impedance. Series feedback may be provided 
for gain stabilization and input impedance improvement. A 
control input is available to vary the open loop gain of the 
amplifier making it useful for AGC and mixer applications. 


Features 

■ High gain 

■ Wide AGC range 


38 dB at 100 MHz 
60 dB at 100 MHz 


■ High input impedance 

■ Low noise figure 

Applications 

■ Voltage Controlled Amplifiers 

■ Feedback Stabilized Amplifiers 

■ Mixer-Amplifiers 

■ HF-UHF Oscillators 

■ Video Diode Receivers 

■ Fiber Optics 


1 MH 
3 dB, 50n 


Simplified Schematic 


High Frequency Amplifier 



Connection Diagrams 


GROUND- 2 
FEEDBACK- 3 
GROUND- 4 


— ^ 

1 

J 

24 


3 — 1 

1 22 

4 

21 

5 i 

— L_ 20 


7 » 

7 \ 

f 18 

8 

17 

9 

16 

lO- 


1 0 

ll 

14 

12 

13 


o o o 


INPUT 2 / 04 


12 O 

V V CC 2 

INPUT 1 f 0 5 


11 O 

] OUTPUT 

GND \ 0 6 


10 O 

/ GND 

f 

\ 7 

8 

9 J 


\ O 

O 

o / 


FEEDBACK 

GND 

GND 



Top View 

Order Number LH4200CD 
See NS Package Number D24D 

Note: Unspecified pins are No Connection. 


Top View 

Order Number LH4200G 
See NS Package Number G12B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V C ci , V C C2) 1 2V 

Power Dissipation (Pd) at Ta = 25°C 980 mW 

Output Current (Iq) 40 mA 

Voltage 

Input 1 + 1 .4 to — 4V 

Input 2 + 2.5to-4V 


Operating Temperature Range 
LH4200C — 25°C to + 85°C 

LH4200G - 55°C to +125°C 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Maximum Junction T emperature (Tj) 1 50°C 

Lead Temperature (Soldering < 10 sec.) 300°C 

ESD Tolerance (Note 1) 150V 


DC Electrical Characteristics 

Unless otherwise specified. V<x = Vco = 10V, Rs = 50 a, Rl = 50 H, Ta = 25°C (Note 4) 


Symbol Description 

Vi o Output Bias Voltage 

V3 FET Source Bias 


Vo Output Voltage Swing 


Is Supply Current 


Z|n Input Impedance 


V|N1 = V|N2 = ov 
100 kHz 


Tested 
Limit 
(Note 2) 


Design 
Limit 
(Note 3) 

4.5 

0.4 


V (Min) 

V (Min) 


Vp.p 


mA (Max) 


Cl (Min) 


AC Electrical Characteristics 

Unless otherwise specified. Vs = 10V, Rs = 50H, Rl = 50H, Ta = 25°C (Note 4) 


Symbol 


Description 

Power Gain 
(Note 4) 


Power Output 
@1 dB Compression 


AGC Range 


Noise Figure 


10 MHz 

V|N1 ~ QV» V|N2 = +1-5V 
100 MHz 

VlNi = 0V, V|N2 = +1-5V 
500 MHz 

VlNi =0V,V|N2= +1-5V 
1000 MHz 

VlNi = 0V. V|N2 = +1-5V 

10 MHz 

100 MHz 

500 MHz 

1000 MHz 


100 MHz, V G2 = —2V 


10-500 MHz, R S = 50 
R S = 800 


Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

50 

42 


dB 

37 

30 


dB 

18 

14 


dB 

3 



dB 

15 

12 


dBm 

14 

10 


dBm 

6 

4 


dBm 

1 



dBm 



Note 1: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 2: Tested limits are guaranteed and 100% tested in production. 

Note 3: Design limits are guaranteed (but not 100% production tested) over indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. Boldface limits are guaranteed over full temperature range. 

Note 4: These measurements are taken with the LH4200 open loop. 
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LH4200 











LH4200 


General Information 

The LH4200 is useful for a variety of RF, VHF, and UHF 
applications including feedback, AGC amplifiers, and signal 
sources. The amplifier is internally bypassed for good high 
frequency performance, but should be bypassed externally 
with a large (1 0 jaF aluminum electrolytic or better) capaci- 
tor to prevent low frequency stability (oscillation) problems. 
The amplifier has three inputs: Two high impedance gates 
for signal input, and a low impedance source for series 
mode Feedback (Pin 3). 

Normally, Input 1 is used as the signal input while Input 2 is 
used to control the gain of the amplifier for those applica- 
tions using Automatic Gain Control (AGC). Gain control 
ranges of over 60 dB are possible to 100 MHz. Input 2 is 
biased at +1.5V for maximum gain and -2V for minimum 
gain. Input 2 and Feedback (Pin 3) are normally bypassed 
with 0.01 juF capacitors for maximim gain. 

The second gate, Input 2 may be used as a second isolated 
input for small signal operation. The open loop gain from 
this input is approximately 6 dB less than from Input 1. 

The LH4200 may be used as a feedback amplifier, in which 
case, the third input, Feedback, is connected to the output 
with a suitable resistor to set the overall power gain. In this 
manner, voltage series feedback is used to establish the 


power gain and increase input impedance. A typical connec- 
tion is shown along with the feedback components needed 
to achieve several different gain settings. (See Figure 5. ) 
The performance of the LH4200 degrades from ideal above 
250 MHz as indicated by the S parameters. The input im- 
pedance decreases and is capacitive while the output im- 
pedance increases and is inductive. For maximum perform- 
ance in the 250 MHz to 900 MHz area, some performance 
improvement can be obtained with suitable matching net- 
works. 


LH4200 TYPICAL S PARAMETERS 

Vcci = V C C2 = 10V,V lnput2 = 1.5V 


Frequency 

S11 

S21 

S12 

S22 

MHz 

Mag 

Ang 

dB 

Ang 

dB 

Mag 

Ang 

10 

0.96 

-0.5 

50 

-49 

-48 

0.99 

181 

100 

0.97 

-15 

36 

-130 

-45 

0.93 

152 

250 

0.86 

-32 

26 

150 

-43 

0.93 

115 

500 

0.64 

-62 

18 

39 

-40 

0.82 

73 

750 

0.41 

-105 

10 

70 

-33 

0.7 

52 

1000 

0.23 

168 

3.5 

-160 

-37 

0.71 

42 


RF 


R 


v cc (iov) 



A 


Note: Pinout shown for D24D package. 

Ferrite Bead 
Stackpole 57 0257 

RF, R, A: HP8505A Network Analyzer Connections 

FIGURE 1.S21 Measurement Circuit 
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General Information (Continued) 

The LH4200 may be used as a Colpitts Oscillator to above 
500 MHz (see Figure 3). It is stable and features load isola- 
tion and will provide + 1 5 dBm to a 50ft load. Capacitors C2 
and C3 provide feedback from source to gate of the input 
GaAs FET. The resonator network, LI -C4, is coupled to the 
active device through Cl . Approximate values suitable for 
beginning design are: 


Frequency 

MHz 

75-150 

150-300 

300-500 



Note: Pinout shown for D24D package 


FIGURE 5. Feedback Amplifier 


Gain 

Bandwidth 

R 

C 

30 dB 

150 MHz 

1.5k 

9-30 pF 

25 dB 

300 MHz 

860ft 

2-8 pF 

20 dB 

500 MHz 

430ft 

<1 pF 



Note: Pinout shown for D24D package. 


FIGURE 6. Video Diode Receiver (Opto or RF) 








LH4200 Video Diode Receiver 

The LH4200 may be used for crystal video receiver applica- 
tions (see Figure 6). Crystal video receivers, although much 
less sensitive than their superhetrodyne counterparts, offer 
the advantage of simplicity. Typical applications include re- 
ceivers for radar beacons, missile guidance, fuze activation 
and countermeasures; as well as signal monitoring and 
power leveling detectors. 

This circuit shows two LH4200 amplifiers cascaded to pro- 
vide a gain of 60 dB with a bandwidth of over 100 MHz. 
Series mode feedback provides high input impedance over 
the operating frequency range and low noise figure from 


high source impedances. Measured noise figure is 7 dB 
from a 50H source and less than 4 dB from a 1 kH source. 

AGC Application 

This circuit provides a constant RF output signal level over a 
broad range of input signal levels (see Figure 7). Diode D1 
provides a DC signal proportional to the RF output level. 
This signal is compared to a reference voltage at the input 
to the LM358, which in turn controls the voltage at Input 2, 
controlling the gain of the LH4200. 


-n LH4200 ^>?f 




. — < 

2 

LM35oN. 

<4j 3 


4 

1 

II 

' 


HP 5882-2800 

Ml [j 

1 

100K 

mil ■» 


"1 MU T 
LEVEL r±r 
ADJUST “ 


Note 1: Pinout shown for D24D package. 

Note 2: All capacitance values are in microfarads. 


FIGURE 7. AGC Application 
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LH4200 


LH4200 Performance Characteristics 


Gain vs. Frequency 


AGC Characteristics 




Signal Handling Capabilities 



AGC Characteristics 


10 100 

FREQUENCY (MHz) 


Feedback Amplifier Performance 


10 100 1000 
FREQUENCY (MHz) 


Maximum Power Dissipation 



R = 1.5K 
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National 

Semiconductor 


LM 1 0/LM 1 0B(L)/LM 1 0C(L) Operational Amplifier 
and Voltage Reference 


General Description 

The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and an 
independent, high quality op amp. 

The unit can operate from a total supply voltage as low as 
1.1V or as high as 40V, drawing only 270/xA. A complemen- 
tary output stage swings within 15 mV of the supply termi- 
nals or will deliver ±20 mA output current with +0.4V satu- 
ration. Reference output can be as low as 200 mV. Some 
other characteristics of the LM10 are 


■ input-offset voltage 

■ input-offset current 

■ input-bias current 

■ reference regulation 

■ offset-voltage drift 

■ reference drift 


2.0 mV (max) 
0.7 nA (max) 
20 nA (max) 
0.1% (max) 
2juV/°C 
0.002%/°C 


The circuit is recommended for portable equipment and is 
completely specified for operation from a single power cell. 
In contrast, high output-drive capability, both voltage and 
current, along with thermal overload protection, suggest it in 
demanding general-purpose applications. 

The device is capable of operating in a floating mode, inde- 
pendent of fixed supplies. It can function as a remote com- 
parator, signal conditioner, SCR controller or transmitter for 
analog signals, delivering the processed signal on the same 
line used to supply power. It is also suited for operation in a 
wide range of voltage- and current-regulator applications, 
from low voltages to several hundred volts, providing great- 
er precision than existing ICs. 

This series is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. In 
addition, a low-voltage specification (suffix “L”) is available 
in the limited temperature ranges at a cost savings. 


Connection and Functional Diagrams 

Metal Can Package (H) 


REFERENCE 

FEEDBACK 



TL/H/5652-1 

Order Number LM10H, LM10BH, LM10CH, 
LM10BLH or LM10CLH 
See NS Package Number H08A 


Dual-ln-Line Package (N) 



REFERENCE 

'FEEDBACK 


OP AMP 
' OUTPUT 


• BALANCE 


TL/H/5652-1 5 


Order Number LM10CN or LM10CLN 
See NS Package Number N08E 


Small Outline Package (M) 


REFERENCE 

FEEDBACK 



TL/H/5652-1 7 

Order Number LM10CWM or LM10CLWM 
See NS Package Number M14B 
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LM 10/LM 1 0B(L)/LM 1 0C(L) 



LM 1 0/LM 1 0B(L)/LM 1 0C(L) 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 

Office/ Distributors for availability and specifications. 

(Note 7) 

LM 1 0/ LM 1 0B/LM 1 0C LM 1 0BL/LM 1 0CL 

Total Supply Voltage 45V 7V 

Differential Input Voltage (note 1 ) ± 40V ± 7V 

Power Dissipation (note 2) internally limited 

Output Short-circuit Duration (note 3) continuous 

Storage-Temp. Range - 55°C to + 1 50°C 

Lead Temp. (Soldering, 10 seconds) 

Metal Can 300°C 

Lead Temp. (Soldering, 1 0 seconds) DIP 260°C 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating is to be determined. 

Electrical Characteristics 

Tj = 25°C, Tmin^Tj^Tmax (note 4) (Boldface type refers to limits over temperature range) 

Parameter 

Conditions 

LM10/LM10B 

LM10C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage 



0.3 

2.0 


0.5 

4.0 

mV 





3.0 



5.0 

mV 

Input offset current 



0.25 

0.7 


0.4 

2.0 

nA 

(note 5) 




1.5 



3.0 

nA 

Input bias current 



10 

20 


12 

30 

nA 





30 



40 

nA 

Input resistance 


250 

500 


150 

400 


k n 



150 



115 



k n 

Large signal voltage 

V S =±20V, l O UT = 0 

120 

400 


80 

400 


V/mV 

gain 

VoUT = ± 19.95V 

80 



50 



V/mV 


V S = +20V, V 0 ut= + 19.4V 

50 

130 


25 

130 


V/mV 


I OU t=± 20 mA (±15 mA) 

20 



15 



V/mV 


V s = +0.6V (0.65V), l 0 UT= ±2 mA 

1.5 

3.0 


1.0 

3.0 


V/mV 


Vqut = ± 0.4V ( ± 0.3 V), V CM = - 0.4 V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.2V(1.3V)^V O ut^40V, 

14 

33 


10 

33 


V/mV 


r l =i.i k a 









0.1 mA^louT^5 mA 

6 



6 



V/mV 


i. 5 V<;v+<; 40 V, R L =25on 

8 

25 


6 

25 


V/mV 


0.1 mA^louT^ 20 mA 

4 



4 



V/mV 

Common-mode 

-20V^V C m^19.15V(19V) 

93 

102 


90 

102 


dB 

rejection 

V S =+20V 

87 



87 



dB 

Supply-voltage 

-0.2V^V"^-39V 

90 

96 


87 

96 


dB 

rejection 

V+ = 1.0V(1.1V) 

84 



84 



dB 


1.0V(1.1V)^V+^39.8V 

96 

106 


93 

106 


dB 


V - = —0.2V 

90 



90 



dB 

Offset voltage drift 



2.0 



5.0 


ju,V/°C 

Offset current drift 



2.0 



5.0 


pA/°C 

Bias current drift 

T c <100°C 


60 



90 


pA/°C 

Line regulation 

1.2V(1.3V)^V S ^40V 


0.001 

0.003 


0.001 

0.008 

%/V 


O^Iref^^- 9 niA, Vref = 2 90 mV 



0.006 



O.OI 

%/V 

Load regulation 

0<l Iref^ 1 *9 niA 


0.01 

0.1 


0.01 

0.15 

% 


V + -V ref 2>1.0V(1.1V) 



0.15 



0.2 

% 
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Electrical Characteristics 

Tj=25°C, Tmin^Tj^Tmax. ( note 4) (Boldface type refers to limits over temperature range) (Continued) 


Parameter 

Conditions 

LM10/LM10B 

LM10C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier gain 

0.2V^V ref ^35V 

50 

75 


25 

70 


V/mV 



23 



15 



V/mV 

Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voltage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 





65 



90 

nA 

Reference drift 



0.002 



0.003 


%/°C 

Supply current 



270 

400 


300 

500 

juA 





500 



570 

juA 

Supply current change 

1.2V(1.3V)<;V S <;40V 


15 

75 


15 

75 

jliA 


Parameter 

Conditions 

LM10BL 

LM10CL 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage 



0.3 

2.0 


0.5 

4.0 

mV 





3.0 



5.0 

mV 

Input offset current 



0.1 

0.7 


0.2 

2.0 

nA 

(note 5) 




1.5 



3.0 

nA 

Input bias current 



10 

20 


12 

30 

nA 





30 



40 

nA 

Input resistance 


250 

500 


150 

400 


k ft 



150 



115 



kft 

Large signal voltage 

V S =± 3.25V, l O UT = 0 

60 

300 


40 

300 


V/mV 

gain 

V OU T=±3.2V 

40 



25 



V/mV 


V S =± 3.25V, l O UT=10mA 

10 

25 


5 

25 


V/mV 


V 0U T=± 2.75 V 

4 



3 



V/mV 


V s = ±0.6V (0.65V), l 0 UT= ±2mA 

1.5 

3.0 


1.0 

3.0 


V/mV 


V 0U T= ± 0.4V (± 0.3 V), V CM = -0.4V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.5V^V+^6.5V, R L = 500H 

8 

30 


6 

30 


V/mV 


0.1 mA^louT^IO mA 

4 



4 



V/mV 

Common-mode 

- 3.25V <: V C m ^ 2.4V (2.25 V) 

89 

102 


80 

102 


dB 

rejection 

V s = ± 3.25 V 

83 



74 



dB 

Supply-voltage 

-0.2V^V"^-5.4V 

86 

96 


80 

96 


dB 

rejection 

V+ = 1.0V (1.2V) 

80 



74 



dB 


1.0V(1.1V)<;V+<;6.3V 

94 

106 


80 

106 


dB 


V- = 0.2V 

88 



74 



dB 

Offset voltage drift 



2.0 



5.0 


jllV/°C 

Offset current drift 



2.0 



5.0 


pA/°C 

Bias current drift 



60 



90 


pA/°C 

Line regulation 

1 .2V ( 1 .3 V) ^ V S ^ 6.5V 


0.001 

0.01 


0.001 

0.02 

%/V 


0^I REF ^0.5 mA, V REF = 200 mV 



0.02 



0.03 

%/V 

Load regulation 

0^l RE p^0.5 mA 


0.01 

0.1 


0.01 

0.15 

% 


V+-V REF ^1.0V(1.1V) 



0.15 



0.2 

% 

Amplifier gain 

0.2V <;V REF <; 5.5 V 

30 

70 


20 

70 


V/mV 



20 



15 



V/mV 
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LM 1 0/LM 1 0B(L)/LM 1 0C(L) 




LM 1 0/LM 1 0B(L)/LM 1 0C(L) 


Electrical Characteristics 

Tj = 25°C, T Mm r Tj<T MA x, (note 4) (Boldface type refers to limits over temperature range) (Continued) 


Parameter 

Conditions 

LM10BL 

LM10CL 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voltage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 





65 



90 

nA 

Reference drift 



0.002 



0.003 


%/°C 

Supply current 



260 

400 


280 

500 

juA 





500 



570 

jaA 


Note 1: The Input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the maximum differential 
input voltage and excess dissipation is accounted for when V|n<V - . 


Note 2: The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LMIOB(L) and 85°C for the LMIOC(L). At elevated temperatures, 
devices must be derated based on package thermal resistance. 

Note 3: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the 1C can be subjected to accelerated stress with a shorted 
output and worst-case conditions. 

Note 4: These specifications apply for V _ ^Vcm^V+ -0.85V (1.0V), 1.2V (1.3V) cVs^Vmax. Vref =0 - 2V and O^Iref^ 1 - 0 mA - unless otherwise specified: 
Vmax = 40V for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25 # C limits. Boldface type indicates limits and altered test 
conditions for full-temperature-range operation; this is -55°C to 125°C for the LM10, -25°C to 85°C for the LM10B(L) and 0°C to 70°C for the LM10C(L). The 
specifications do not include the effects of thermal gradients (r-| ^20 ms), die heating (t 2 = 0.2s) or package heating. Gradient effects are small and tend to offset 
the electrical error (see curves). 

Note 5: For Tj>90°C, l os may exceed 1.5 nA for V C m=V-. With Tj = 125°C and V-^V CM ^V- + 0.1V, l 0S £5 nA. 

Note 6: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the V+ terminal of the 1C 
and input common mode is referred to V~ (see typical applications). Effect of larger output-voltage swings with higher load resistance can be accounted for by 
adding the positive-supply rejection error. 

Note 7: Refer to RETS10X for LM10H military specifications. 

Definition of Terms 

Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference in the currents at the 
input terminals when the unloaded output is in the linear 
region. 

Input bias current: The absolute value of the average of 
the two input currents. 

Input resistance: The ratio of the change in input voltage to 
the change in input current on either input with the other 
grounded. 

Large signal voltage gain: The ratio of the specified output 
voltage swing to the change in differential input voltage re- 
quired to produce it. 

Shunt gain: The ratio of the specified output voltage swing 
to the change in differential input voltage required to pro- 
duce it with the output tied to the V+ terminal of the 1C. The 
load and power source are connected between the V+ and 
V” terminals, and input common-mode is referred to the 
V~ terminal. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the ex- 
tremes. 


Supply-voltage rejection: The ratio of the specified sup- 
ply-voltage change to the change in offset voltage between 
the extremes. 

Line regulation: The average change in reference output 
voltage over the specified supply voltage range. 

Load regulation: The change in reference output voltage 
from no load to that load specified. 

Feedback sense voltage: The voltage, referred to V~, on 
the reference feedback terminal while operating in regula- 
tion. 

Reference amplifier gain: The ratio of the specified refer- 
ence output change to the change in feedback sense volt- 
age required to produce it. 

Feedback current: The absolute value of the current at the 
feedback terminal when operating in regulation. 

Supply current: The current required from the power 
source to operate the amplifier and reference with their out- 
puts unloaded and operating in the linear range. 


3-322 



Typical Performance Characteristics (Op Amp) 


Input Current 



-50 -25 0 25 50 75 100 125 


Common Mode Limits 




-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


TEMPERATURE ( C) 


TEMPERATURE (°C> 


Input Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


DC Voltage Gain 



IQQk 10k Ik 100 

LOAD RESISTANCE (n> 


Transconductance 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 

OFFSET VOLTAQE CHANGE (±mV) 


Output Saturation 
Characteristics 



OFFSET VOLTAGE CHANGE (mV) 


Output Saturation 
Characteristics 



IB 
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m 

mm 

■ 

ISM 

n 

■BQE 

■B 

M 


RJ 

warn 



-0.3 -0.2 -0.1 0 0.1 0.2 0.3 

OFFSET VOLTAGE CHANGE (mV) 


Output Saturation 
Characteristics 



OFFSET VOLTAGE CHANGE (mV) 


Minimum Supply Voltage 



OFFSET VOLTAGE CHANGE (mV) 



Minimum Supply Voltage 



INPUT VOLTAGE CHANGE (mV) 

TL/H/5652-2 
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LM 1 0/LM 1 0B(L)/LM 1 0C(L) 



LM 1 0/LM 1 0B(L)/LM 1 0C(L] 


Typical Performance Characteristics (Op Amp) (Continued) 


Frequency Response 



0.1 1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Output Impedance 
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Ik 10k 100k 1M 

FREQUENCY (Hz) 


Typical Stability Range 



100 10 1 0.1 10.01 - 0.1 -1 -10 -100 


LOAD CURRENT (mA) 


Large Signal Response 



100 Ik 10k 100k 

FREQUENCY (Hz) 


Comparator Response 
Time For Various 



Comparator Response 
Time For Various 
Input Overdrives 


V 0 D = 

50 mV 

1 1 


r 




c 


Aomy 


7 




/ 


T 



7 







t 



t 






1 



7 

i mV 

LJ 






1 



T 

1 










h 









1 

v + 

i 1 

= 5\ 

/ 








V- = 0 

T a = 25°C- 
—J 1 






h 



-0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 


TIME (ms) 


TIME (ms) 


Follower Pulse 
Response 



0 0.2 0.4 0.6 0.8 1.0 

TIME (ms) 


Noise Rejection 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Rejection Slew Limiting 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Supply Current 



-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


Thermal Gradient 
Feedback 



-20 0 20 40 60 80 

TIME (ms) 


Thermal Gradient 
Cross-coupling 



-20 0 20 40 60 80 

TIME (ms) 

TL/H/5652-3 
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Typical Performance Characteristics (Op Amp) (Continued) 


Shunt Gain 



OUTPUT VOLTAGE (V) 


Shunt Gain 



OUTPUT VOLTAGE (V) 


Shunt Gain 



1 2 3 4 5 6 7 B 

OUTPUT VOLTAGE (V) 

TL/H/5652-4 


Typical Performance Characteristics (Reference) 


Line Regulation 


V 


T a = 125°C 


*y\ 

25 C 

ss rt-f 

- -55°C. 


TOTAL SUPPLY VOLTAGE 


Load Regulation 



LOAD CURRENT (mA) 


Reference Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Minimum Supply Voltage 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Output Saturation 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Typical Stability Range 



0.01 0.1 1.0 10 
LOAD CURRENT (mA) 

TL/H/5652-5 
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LM 1 0/LM 1 0B(L)/LM 1 0C(L) 



LM 1 0/LM 1 0B(L)/LM 10C(L) 


Typical Applications^ (Pin numbers are for devices in 8-pin packages) 


Op Amp Offset Adjustment 



Positive Regulatorst 


Low Voltage 


Best Regulation 


Zero Output 



V tN >11V 



tUse only electrolytic output capacitors, 
ttcircuit descriptions available in application note AN-211. 


Cl 

O.OImF 
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Typical Applications"! (Pin numbers are for devices in 8-pin packages) (Continued) 


HV Regulator 


Protected HV Regulator 



Flame Detector 



*800°C Threshold Is Established By Connecting Balance To Vref- 


Light Level Sensor 




‘Provides Hysteresis 


Remote Thermocouple Amplifier 


Remote Amplifier 




4V£Vout^20V 
200°C ^ Tp ^ 700°C 
tSpan Trim 
* Level-shift Trim 
‘Cold-junction Trim 


t+Circuit descriptions available in application note AN-211. 
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LM 1 0/LM 1 0B(L)/LM 1 0C(L) 


Typical Applications tt (Pin numbers are for devices in 8-pin packages) (Continued) 


Isolated Voltage Sensor 


Rlt R6 



Light-level Controller 



TL/H/5652-12 


ttcircuit descriptions available in application note AN-211. 


Application Hints 

With heavy amplifier loading to V~, resistance drops in the V - lead can adversely affect reference regulation. Lead resistance 
can approach 1 fl. Therefore, the common to the reference circuitry should be connected as close as possible to the package. 
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LM 1 0/LM 1 0B(L)/LM 1 0C(L) 
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LM 1 0/LM 1 0B(L)/LM 1 0C(L) 







National 

Semiconductor 


LM11/LM11C/LM11CL Operational Amplifiers 


General Description 

The LM11 is a precision dc amplifier combining the best 
features of existing bipolar and FET op amps. It is similar to 
the LM108A, except that input currents have been reduced 
by more than a factor of ten. Offset voltage and drift have 
also been approved. 

Compared to FETs, the device provides inherently lower off- 
set voltage and offset voltage drift, along with at least an 
order of magnitude better long-term stability. Low frequency 
noise is also somewhat reduced. Bias current is significantly 
lower even under laboratory conditions, and its low drift 
makes compensation practical. Offset current is almost un- 
measureable. Although not as fast as FETs, it does have a 
much lower power drain. This low dissipation has the added 
advantage of eliminating warm up time in critical applica- 
tions. 

Typical characteristics for 25°C (-55°C to 125°C) are: 

• offset voltage: 100 jaV (200 /xV) 

• bias current: 25 pA (65 pA) 

• offset current: 0.5 pA (3 pA) 

• temperature drift: 1 jliV/°C 

• long-term stability: 1 0 jaV/year 


The LM11 is internally compensated, but external compen- 
sation can be added for improved frequency stability, partic- 
ularly with capacitive loads. Offset voltage balancing is also 
provided, with the balance range determined by a low-re- 
sistance potentiometer. 

Otherwise, the device is the electrical equivalent of the 
LM108, except that the negative common-mode limit is 0.6V 
less, performance is specified down to ±2.5V and the guar- 
anteed output drive has been increased to ±2 mA. The 
input noise is somewhat higher, but amplifier noise is ob- 
scured by resistor noise with higher source resistances. 
This monolithic 1C has obviously applications as electrome- 
ter amplifiers, charge integrators, analog memories, low fre- 
quency active filters or for frequency shaping in slow servo 
loops. It can be substituted for existing circuits to provide 
improved performance or eliminate trimming operations. 
The greater precision can also be used to extend the dy- 
namic range of logarithmic amplifiers, light meters and solid- 
state particle detectors. 

The LM1 1 is manufactured with standard bipolar processing 
using super-gain transistors. 


Connection Diagrams 

Metal Can* Mini-DIP 



TL/H/5653-1 

Top View 

Order Number LM11H, LM11CH or LM11CLH 
See NS Package H08C 

’Case connected to V~ 



BALANCE 

V + 

OUTPUT 

COMPENSATION 

TL/H/5653-31 


Order Number LM11CN or LM11CLN 
See NS Package N08E 
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LM1 1/LM1 1C/LM1 1CL 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 5) 

Total Supply Voltage 40V 

Input Current (Note 1 ) ± 1 0 mA 


Power Dissipation (Note 2) 500 mW 

Output Short-Circuit Duration (Note 3) Indefinite 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temp. (Soldering, 10 seconds) 

(DIP) 260°C 

(Metal Can) 300°C 

ESD Tolerance 

(RZAP = 1.5k, C ZA p = 100 pF) 1500V 


Electrical Characteristics Tj = 25 °c, t min stjs t max (Note 4) 


(Boldface type refers to limits over temperature range.) 


Parameter 

Conditions 

LM11 

LM11C 

LM11CL 

Units 

Typ 

LIm 

Typ 

Lim 

Typ 

Lim 

Input Offset Voltage 

(Note 4) 

0.1 

0.3 

0.2 

0.6 

0.5 

5 

mV 




0.6 


0.8 


6 

mV 

Input Offset Current 

(Note 4) 

0.5 

10 

1 

10 

4 

25 

PA 




30 


20 


50 

pA 

Input Bias Current 

(Note 4) 

25 

50 

40 

100 

70 

200 

pA 




150 


150 


300 

pA 

Input Resistance 

(Note 4) 

1011 


1011 


1011 


a 

Offset Voltage Drift 

(Note 4) 

1 

3 

2 

5 

3 


juV/°C 

Offset Current Drift 

(Note 4) 

20 


10 


50 


fA/°C 

Bias Current Drift 

(Note 4) 

0.5 

1.5 

0.8 

3 

1.4 


pA/°C 

Large Signal Voltage Gain 

V s ± 15V, l 0 UT=±2mA 

300 

100 

300 

100 

300 

25 

V/mV 


V 0 ut=±12V(± 11.5 V ) 


50 


50 


15 

V/mV 


V S =±15V, I O ut=± 0.5 mA 

1200 

250 

1200 

250 

800 

50 

V/mV 


V 0 UT — 12V 


100 


100 


30 

V/mV 

Common-Mode Rejection 

-13V(-12.5V)^V C m^14V 

130 

110 

130 

110 

110 

96 

dB 


V S =±15V 


100 


100 


90 

dB 

Power Supply Rejection Ratio 

±2.5V^V S ^±20V 

118 

100 

118 

100 

100 

84 

dB 




96 


96 


80 

dB 

Supply Current 

(Note 4) 

0.3 

0.6 

0.3 

0.8 

0.3 

0.8 

mA 




0.8 


1 


1 

mA 

Output Short-Circuit Current 

Tj= 150°C 


±15 





mA 


Note 1: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. In addition, a 2 kft minimum resistance in each input is advised to avoid possible latch up 
initiated by supply reversals. 


Note 2: The maximum operating-junction temperature is 150 S C for the LM1 1 and 85°C for the LM1 1C(L). Devices must be derated at 150 # C/W for the metal can 
and 155°C/W for the plastic DIP. The metal can has a thermal resistance of 45°C/W for the junction to case if a heat sink is used. 

Note 3: Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continuous overloads, package dissipation must 
be taken into account and heat sinking provided when necessary. 

Note 4: These specifications apply for V - + 2V (2.5V) ^ Vqm £ V + - 1 V and ±2.5V £ Vs £ ±20V, unless otherwise specified. Normal typeface indicates 
25°C limits. Boldface type indicates limits for full-temperature range operation. This is -55°C £ Tj £ 125°C for the LM1 1 and 0°C £ Tj £ 70°C for 
the LM11C(L). 

Note 5: Refer to RETS1 IX for LM1 1 military specifications. 
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SATURATION VOLTAGE (V) COMMON-MODE LIMIT (V) OFFSET VOLTAGE DRIFT (pV/°C) INPUT BIAS CURRENT (pA) 



LM11/LM11C/LM11CL 






LM11/LM11C/LM11CL 


Typical Characteristics (Continued) 


Open Loop Response 



90 " 


0.1 1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Follower Final Settling Time 



Inverter Final Settling Time 



0 2 4 6 8 10 

TIME (ms) 


Slew Rate 



Stability With 
Over-Compensation 
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Closed Loop 
Output Impedance 



10" 1U 1(T S 10 _B 10 _/ 10 -6 10“' 

CAPACITIVE LOAD (F) 


10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 
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Application Hints 

When working with circuitry capable of resolving picoam- 
pere level signals, leakage currents in circuitry external to 
the op amp can significantly degrade performance. High 
quality insulation is a must (Kel-F and Teflon rate high). 
Proper cleaning of all insulating surfaces to remove fluxes 
and other residues is also required. This includes the 1C 
package as well as sockets and printed circuit boards. 
When operating in high humidity environments or near 0°C, 
some form of surface coating may be necessary to provide 
a moisture barrier. 

The effects of board leakage can be minimized by encircling 
the input circuitry with a conductive guard ring operated at a 
potential close to that of the inputs. For critical applications, 
dual-in-line packages are available that include input guard 
pins. 

Electrostatic shielding of high impedance circuitry is ad- 
visable. 

Error voltages can also be generated in the external circuit- 
ry. Thermocouples formed between dissimilar metals can 
cause hundreds of microvolts of error in the presence of 
temperature gradients. The most troublesome thermocou- 
ples are the junction of the 1C package and the printed cir- 
cuit board (35 jaV/°C for copper-kovar) and internal resis- 


tor connections. Problems can be avoided by keeping low 
level circuitry away from heat generating elements. Mount- 
ing the 1C directly to the PC board while keeping package 
leads short and the input leads close together can also 
help. 

With the LM1 1 there is a temptation to remove the bias-cur- 
rent-compensation resistor normally used on the noninvert- 
ing input of a summing amplifier. Direct connection of the 
inputs to ground or a low-impedance voltage source is not 
recommended with supply voltages greater than about 3V. 
The potential problem involves reversal of one supply which 
can cause excessive current in the second supply. Destruc- 
tion of the 1C could result if the output current of the second 
supply is not limited to about 100 mA or if there is much 
more than 1 fiF bypass on the supply buss. 

Just disconnecting one supply will generally involve reversal 
because of loading to the other supply both within the 1C 
and in external circuitry. Although difficulties can be largely 
avoided by installing clamp diodes across the supply lines 
on every PC board, a conservative design would include 
enough resistance in the input lead to limit current to 10 mA 
if the input lead is pulled to either supply by internal cur- 
rents. This precaution is by no means limited to the LM11. 
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Application Hints (Continued) 

Input Guarding 

Input guarding can drastically reduce surface leakage. Lay- 
out for metal can is shown here. Guarding both sides of 
board is required. Bulk leakage reduction is less and de- 
pends on guard ring width. 


BALANCE 



Guard ring is connected to low impedance point at same 
potential as sensitive input leads. Connections for various 
op amp configurations are here. 

R1 R2 




INPUT ©-H 



TL/H/5653-7 


Input Protection 

Current is limited by R2 even when input is connected to 
voltage source outside common mode range. If one supply 
reverses, current is controlled by R1. These resistors do not 
affect normal operation. 



TL/H/5653-5 

Input resistor controls current when input exceeds supply 
voltages, when power for op amp is turned off or when out- 
put is shorted. 



TL/H/5653-6 


Balancing And Over-Compensation 

Over-compensation will improve stability with capacitive 
loading (see curves). Offset voltage adjustment range is de- 
termined by balance potentiometer resistance as indicated 
in the table. 



min. adj 
range 

R 

±4 mV 

100 kft 

±2 

10k 

±0.8 

3k 

±0.4 

Ik 
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Application Hints (Continued) 

Resistance Multiplication 

Equivalent feedback resistance is 10 GH, but only standard 
resistors are used. Even though the offset voltage is multi- 
plied by 100, output offset is actually reduced because error 
is dependent on offset current rather than bias current. Volt- 
age on summing junction is less than 5 mV. 


A high-input-impedance ac amplifier for a piezoelectric 
transducer. Input resistance of 880 Mil and gain of 10 is 
obtained. 



( R2\ R2 + R3 + R4 

R|N=R1 l 1 + Rij Av= R2+R3 



Follower input resistance is 1 Gft. With the input open, off- 
set voltage is multiplied by 100, but the added error is not 
great because the op amp offset is low. 



TL/H/5653-11 


Cable Bootstrapping 

Bootstrapping input shield for a follower reduces cable ca- 
pacitance, leakage and spurious voltages from cable flex- 
ing. Instability can be avoided with small capacitor on input. 



This circuit multiplies RC time constant to 1000 seconds 
and provides low output impedance. 





TL/H/5653-13 

R1C 

ir=—(R2+R3) 

R1 + R3 

av 0U t=-— -(i B R2+v 0S ) 


With summing amplifier, summing node is at virtual ground 
so input shield is best grounded. Small feedback capacitor 
insures stability. 


c 
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Application Hints (Continued) 

Differential Amplifiers 

This differential amplifier handles high input voltages. Resis- 
tor mismatches and stray capacitors should be balanced 
out for best common-mode rejection. 


Cl 

5pF 



Two op-amp instrumentation amplifier has poor ac common 
mode rejection. This can be improved at the expense of 
differential bandwidth with C2. 


B5* 

2.2k 



* Gain set TL/H/5653-15 

t Trim for dc CMRR 
f 0 = 1 0 Hz 


High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compensation. 
Differential bandwidth is reduced by Cl which also makes common-mode rejection less dependent on matching of input 



For moderate-gain instrumentation amplifiers, input amplifiers can be connected as followers. This simplifies circuitry, but A3 
must also have low drift. 
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Application Hints (Continued) 

Bias Current Compensation 

Precise bias current compensation for use with unregulated This circuit shows how bias current compensation can be 

supplies. Reference voltage is available for other circuitry. used on a voltage follower. 


v + 




Voltmeter 

High input impedance millivoltmeter. Input current is proportional to input voltage, about 10 pA at full scale. Reference could be 
used to make direct reading linear ohmmeter. 
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Application Hints (Continued) 

Ammeter 

Current meter ranges from 100 pA to 3 mA full scale. Voltage across input is 100 jaV at lower ranges rising to 3 mV at 3 mA. 
Buffers on op amp are to remove ambiguity with high-current overload. Output can also drive DVM or DPM. 



Current Source 

Precision current source has 10 juA to 10 mA ranges with output compliance of 30V to -5V. Output current is fully adjustable on 
each range with a calibrated, ten-turn potentiometer. Error light indicates saturation. 



OUTPUT 


’Calibrate range 
tSelect for Icbo ^ 1 00 pA 


TL/H/5653-21 
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Application Hints (Continued) 

Fast Amplifiers 

These inverters have bias current and offset voltage of 
LM1 1 along with speed of the FET op amps. Open loop gain 
is about 1 40 dB and settling time to 1 mV about 8 ju,S. Over- 
load-recovery delay can be eliminated by direct coupling the 
FET amplifier to summing node. 




This 100X amplifier has small and large signal bandwidth of 
1 MHz. The LM11 greatly reduces offset voltage, bias cur- 
rent and gain error. Eliminating long recovery delay for 
greater than 1 00% overload requires direct coupling of A2 
to input. 

R4 



Follower has 10 fxS setting to 1 mV, but signal repetition 
frequency should not exceed 10 kHz if the FET amplifier is 
ac coupled to input. The circuit does not behave well if com- 
mon-mode range is exceeded. 


v + 



Heater Control 

Proportional control crystal oven heater uses lead/lag com- 
pensation for fast settling. Time constant is changed with 
R4 and compensating resistor R5. If Q2 is inside oven, a 
regulated supply is recommended for 0.1°C control. 



* Solid tantalum 
t Mylar 

% Close thermal coupling between sensor and oven shell is recommended. 
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Application Hints (Continued) 

Leakage Isolation 

Switch leakage in this sample and hold does not reach storage capacitor. 



"Polystyrene or Teflon 
t Required if protected- 
gate switch is used 


TL/H/5653-26 


A peak detector designed for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed before 
reaching storage capacitor. 


R1 

20k 


INPUT 


300 juS min single pulse 

200 jaS min repetitive pulse 

300 Hz max sine wave error <5 mV 



Reset is provided for this integrater and switch leakage is 
isolated from the summing junction. Greater precision can 
be provided if bias-current compensation is included. 


cr 



Standard-Cell Buffer 

Battery powered buffer amplifier for standard cell has negli- 
gible loading and disconnects cell for low supply voltage or 
overload on output. Indicator diode extinguishes as discon- 
nect circuitry is activated. 



TL/H/5653-28 


"Cannot have gate protection diode; Vth> Vqut 


LM1 1/LM1 1C/LM1 1CL 






LM1 1/LM1 1C/LM1 1CL 
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Schematic Diagram 



TL/H/5653-30 


Definition of Terms 

Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference in the currents at the 
input terminals when the output is unloaded in the linear 
region. 

Input bias current: The absolute value of the average of 
the two input currents. 

Input resistance: The ratio of the change in input voltage to 
the change in input current on either input with the other 
grounded. 

Large signal voltage gain: The ratio of the specified output 
voltage swing to the change in differential input voltage re- 
quired to produce it. 


Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the ex- 
tremes. 

Temperature drift: The change of a parameter measured 
at 25°C and either temperature extreme divided by the tem- 
perature change. 

Power Supply Rejection Ratio: The ratio of the specified 
supply-voltage change (either or both supplies) to the 
change in offset voltage between the extremes. 

Supply current: The current required from the power 
source to operate the amplifier with the output unloaded 
and operating in the linear range. 
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LM12 


National 

Semiconductor 


LM12 (L/C/CL) 150W Operational Amplifier 


General Description 


The LM12 is a power op amp capable of driving ±35V at 
±10A while operating from ±40V supplies. The monolithic 
1C can deliver 1 50W of sine wave power into a 4fl load with 
0.01% distortion. Power bandwidth is 60 kHz. Further, a 
peak dissipation capability of 800W allows it to handle reac- 
tive loads such as transducers, actuators or small motors 
without derating. Important features include: 

■ input protection 

■ controlled turn on 

■ thermal limiting 

■ overvoltage shutdown 

■ output-current limiting 

■ dynamic safe-area protection 

The 1C delivers ± 1 0A output current at any output voltage 
yet is completely protected against overloads, including 
shorts to the supplies. The dynamic safe-area protection is 
provided by instantaneous peak-temperature limiting within 
the power transistor array. 

The turn-on characteristics are controlled by keeping the 
output open-circuited until the total supply voltage reaches 
14V. The output is also opened as the case temperature 


exceeds 150°C or as the supply voltage approaches the 
BVceo of the output transistors. The 1C withstands overvolt- 
ages to 100V. 

This monolithic op amp is compensated for unity-gain feed- 
back, with a small-signal bandwidth of 700 kHz. Slew rate is 
9V/jus, even as a follower. Distortion and capacitive-load 
stability rival that of the best designs using complementary 
output transistors. Further, the 1C withstands large differen- 
tial input voltages and is well behaved should the common- 
mode range be exceeded. 

The LM12 establishes that monolithic ICs can deliver con- 
siderable output power without resorting to complex switch- 
ing schemes. Devices can be paralleled or bridged for even 
greater output capability. Applications include operational 
power supplies, high-voltage regulators, high-quality audio 
amplifiers, tape-head positioners, x-y plotters or other ser- 
vo-control systems. 

The LM12 is supplied in a four-lead, TO-3 package with V - 
on the case. A gold-eutectic die-attach to a molybdenum 
interface is used to avoid thermal fatigue problems. Two 
voltage grades are available; both are specified for either 
military or commercial temperature range. . 


Connection Diagram 


Typical Application* 



4-pin glass epoxy TO-3 
socket is available from 


Part number 8112-AG7 
/-IN 



Bottom View 

Order Number LM12K, LM12CK or LM12CLK 
See NS Package Number K04A 


*Low distortion (0.01 %) audio amplifier 
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Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, 

Junction Temperature 


Note 2 

please contact the National Semiconductor Sales 

Storage Temperature Range 

— 65 b C to 150°C 

Office/Distributors for availability and specifications. 

Lead Temperature (Soldering, 10 seconds) 

300°C 

Total Supply Voltage LM12/LM12C 1 00V 

ESD Rating to be Determined. 


LM12L/LM12CL 80V 





Input Voltage 

Note 1 

Operating Ratings 


Output Current 

Internally Limited 

Total Supply Voltage LM1 2/LM1 2C 

15V to 80V 




LM12L/LM12CL 

15V to 60 V 

Electrical Characteristics (Note 3) 







Typ 

25°C 

LM12 

LM12C 


Parameter 

Conditions 

LM12L 

LM12CL 

Units 






Input Offset Voltage 


2 



mV (max) 

Input Bias Current 

V - + 4V <; V C M £ v + -2V 

0.15 


0.7/ 1.0 

jliA (max) 

Input Offset Current 

V - +4V <; V C M <: V + -2V 

0.03 

0.1 /0.3 

0.2/O.3 

juA (max) 

Common Mode 

Rejection 

V - +4V £ V C M ^ v + — 2V 

86 

75/70 

70/65 

dB (min) 

Power Supply 

V+ =0.5V MAX , 

90 

75/70 

70/65 

dB (min) 

Rejection 

-6V:>V ^-0.5V M AX 



V- = -0.5V MAX , 

6V ^ v + s;o.5V max 

110 

80/75 

75/70 

dB (min) 

Output Saturation 

toN = 1 ms, 





Threshold 

AV| N = 5 (10) mV, 






•OUT = 1A 

1.8 

2.2/2.5 

2 . 212.5 

V (max) 


8A 

4 

5/7 

5/7 

V (max) 


10A 

5 

8 


V (max) 

Large Signal Voltage 

toN = 2 ms, 





Gain 

VsAT = 2V, Iqut = 0 

100 

50/30 

30/20 

V/mV (min) 


VsAT = 8V, R l = 4H 

50 

20/15 

15/10 

V/mV (min) 

Thermal Gradient 

Feedback 

Pqiss = SOW , tQN = 65 ms 

30 

50 

100 

jliV/W (max) 

Output-Current 

tQN = 10 ms, Vqiss = 10V 

13 

16 

16 

A (max) 

Limit 

toN = 100 ms, Vqiss = 58 V 

1.5 

1. 0/0.6 

0. 9/0.6 

A (min) 



1.5 

1.7 

1.7 

A (max) 


LM12/LM12C 

toN = 100 ms, Vqiss = 78 V 

0.7 

0.6/O.4 

0.5/0.35 

A (min) 

Power Dissipation 

toN = 100 ms, Vqiss = 20V 

100 

90/40 

80/55 

W (min) 

Rating 

v D iss = 58V 

80 

58/35 

52/35 

W (min) 

DC Thermal Resistance 

(Note 4) Vqiss = 20V 

2.3 

2.6 

2.9 

°C/W (max) 


Vqiss = 58V 

2.7 

4.0 

4.5 

°C/W (max) 

AC Thermal Resistance 

(Note 4) 

1.6 

1.9 

2.1 

°C/W (max) 

Supply Current 

Vqut = 0, Iqut = 0 

60 

80/90 

120/140 

mA (max) 

Note 1. Neither input should exceed the supply voltage by more than 50 volts nor should the voltage between one input and any other terminal exceed 80 volts for 

the LM12/LM12C or 60 volts for the LM12L/LM12CL. 





Note 2. Operating junction temperature is internally limited near 225"C within the power transistor and 1 60°C for the control circuitry. 


Note 3. The supply voltage is ±40V (V MAX = 80V) for the LM12/LM12C and ±30V (V MAX = 

60V) for the LM12L/LM12CL, unless otherwise specified. The 

voltage across the conducting output transistor (supply to output) is Vqiss and internal power dissipation is Pqiss- Temperature range is -55°C £ Tc £ 125°C for 
the LM12/LM12L and 0°C ^ Tc ^ 70°C for LM12C/LM12CL, where Tc is the case temperature. Standard typeface indicates limits at 25°C while boldface type 
refers to limits or special conditions over full temperature range. With no heat sink, the package will heat at a rate of 35°C/sec per 100W of internal 

dissipation. 






Note 4. This thermal resistance is based upon a peak temperature of 200°C in the center of the power transistor and a case temperature of 25°C measured at the 
center of the package bottom. The maximum junction temperature of the control circuitry can be estimated based upon a dc thermal resistance of 0.9°C/W or an ac 

thermal resistance of 0.6°C/W for any operating voltage. 





Although the output and supply leads are resistant to electrostatic discharges from handling, the input leads are not. 

The part should be treated accordingly. 
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Output-Transistor Ratings (guaranteed)t 


DC Thermal Resistance 

T C '=25®C- ■ Tj = 2od°C _ ' 

- 70 o C i-ftl 

125°C — / 


Pulse Thermal Resistance 

' |v CE = 40V — T c = 25°C I Hill 
58V Tj = 200°C 1| 


T C = 25°C \ 

Tj = 200°C dc s 


20 40 60 80 

COLLECTOR-EMITTER VOLTAGE (V) 


20 40 60 80 


COLLECTOR-EMITTER VOLTAGE (V) COLLECTOR-EMITTER VOLTAGE (V) PULSE WIDTH (ms) 

TL/H/8704-3 

tLM12/LM12L. The power ratings of the LM12C/LM12CL are 10-percent less at 20 V and 15-percent less at 60V, with a corresponding increase in thermal 
resistance and decrease in safe area current. 


Typical Performance Characteristics 


Pulse Power Limit 


Pulse Power Limit 


Peak Output Current 



2 T c = 125°C 

■» 4mm i 


o.i i si io ioo 

TIME (ms) 


20 t 0N = 100ms 

T LIM = 230° C 

0 I — L_j — i — i — — 

0 20 40 60 t 

COLLECTOR-EMITTER VOLTAGE (V) 



0 0.4 0.8 1.2 1.6 

TIME (ms) 


Output Saturation Voltage 

I >0N = ,mS l I I 1/ I I 


Large Signal Response 


^out=±ioa^ 

ZT T fcBA 


0 50 100 150 

CASE TEMPERTATURE (°C) 









M. 




4 

v s = 

± 30 V 

.1 

r l = 

4 D 


, 1 . 




J. 




..1 


100k 

FREQUENCY (Hz) 


Follower Pulse Response 

I I I I V im = ±15V I 


0 5 10 15 20 25 30 

TIME 0*s) 
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CURRENT (mA) CURRENT (/xA) GAIN (dB) VOLTAGE GAIN (V/mV) 
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Application Information 

GENERAL 

Twenty five years ago the operational amplifier was a spe- 
cialized design tool used primarily for analog computation. 
However, the availability of low cost 1C op amps in the late 
1960’s prompted their use in rather mundane applications, 
replacing a few discrete components. Once a few basic 
principles are mastered, op amps can be used to give ex- 
ceptionally good results in a wide range of applications 
while minimizing both cost and design effort. 

The availability of a monolithic power op amp now promises 
to extend these advantages to high-power designs. Some 
conventional applications are given here to illustrate op amp 
design principles as they relate to power circuitry. The inevi- 
table fall in prices, as the economies of volume production 
are realized, will prompt their use in applications that might 
now seem trivial. Replacing single power transistors with an 
op amp will become economical because of improved per- 
formance, simplification of attendant circuitry, vastly im- 
proved fault protection, greater reliability and the reduction 
of design time. 

Power op amps introduce new factors into the design equa- 
tion. With current transients above 10A, both the inductance 
and resistance of wire interconnects become important in a 
number of ways. Further, power ratings are a crucial factor 
in determining performance. But the power capability of the 
1C cannot be realized unless it is properly mounted to an 
adequate heat sink. Thus, thermal design is of major impor- 
tance with power op amps. 

This application summary starts off by identifying the origin 
of strange problems observed while using the LM12 in a 
wide variety of designs with all sorts of fault conditions. A 
few simple precautions will eliminate these problems. One 

would do well to read the section on supply bypassing, 
lead inductance, output clamp diodes, ground loops 
and reactive loading before doing any experimentation. 
Should there be problems with erratic operation, blow- 
outs, excessive distortion or oscillation, another look at 
these sections is in order. 

The management and protection circuitry can also affect 
operation. Should the total supply voltage exceed ratings or 
drop below 15-20V, the op amp shuts off completely. Case 
temperatures above 150°C also cause shut down until the 
temperature drops to 145°C. This may take several sec- 
onds, depending on the thermal system. Activation of the 
dynamic safe-area protection causes both the main feed- 
back loop to lose control and a reduction in output power, 
with possible oscillations. In ac applications, the dynamic 
protection will cause waveform distortion. Since the LM12 is 
well protected against thermal overloads, the suggestions 
for determining power dissipation and heat sink require- 
ments are presented last. 

SUPPLY BYPASSING 

All op amps should have their supply leads bypassed with 
low-inductance capacitors having short leads and located 
close to the package terminals to avoid spurious oscillation 
problems. Power op amps require larger bypass capacitors. 
The LM12 is stable with good-quality electrolytic bypass ca- 
pacitors greater than 20 p,F. Other considerations may re- 
quire larger capacitors. 


The current in the supply leads is a rectified component of 
the load current. If adequate bypassing is not provided, this 
distorted signal can be fed back into internal circuitry. Low 
distortion at high frequencies requires that the supplies be 
bypassed with 470 /xF or more, at the package terminals. 

LEAD INDUCTANCE 

With ordinary op amps, lead-inductance problems are usual- 
ly restricted to supply bypassing. Power op amps are also 
sensitive to inductance in the output lead, particularly with 
heavy capacitive loading. Feedback to the input should be 
taken directly from the output terminal, minimizing common 
inductance with the load. Sensing to a remote load must be 
accompanied by a high-frequency feedback path directly 
from the output terminal. Lead inductance can also cause 
voltage surges on the supplies. With long leads to the power 
source, energy stored in the lead inductance when the out- 
put is shorted can be dumped back into the supply bypass 
capacitors when the short is removed. The magnitude of 
this transient is reduced by increasing the size of the bypass 
capacitor near the 1C. With 20 jaF local bypass, these volt- 
age surges are important only if the lead length exceeds a 
couple feet (> 1 juH lead inductance). Twisting together the 
supply and ground leads minimizes the effect. 

GROUND LOOPS 

With fast, high-current circuitry, all sorts of problems can 
arise from improper grounding. In general, difficulties can be 
avoided by returning all grounds separately to a common 
point. Sometimes this is impractical. When compromising, 
special attention should be paid to the ground returns for 
the supply bypasses, load and input signal. Ground planes 
also help to provide proper grounding. 

Many problems unrelated to system performance can be 
traced to the grounding of line-operated test equipment 
used for system checkout. Hidden paths are particularly dif- 
ficult to sort out when several pieces of test equipment are 
used but can be minimized by using current probes or the 
new isolated oscilloscope pre-amplifiers. Eliminating any di- 
rect ground connection between the signal generator and 
the oscilloscope synchronization input solves one common 
problem. 

OUTPUT CLAMP DIODES 

When a push-pull amplifier goes into power limit while driv- 
ing an inductive load, the stored energy in the load induc- 
tance can drive the output outside the supplies. Although 
the LM12 has internal clamp diodes that can handle several 
amperes for a few milliseconds, extreme conditions can 
cause destruction of the 1C. The internal clamp diodes are 
imperfect in that about half the clamp current flows into the 
supply to which the output is clamped while the other half 
flows across the supplies. Therefore, the use of external 
diodes to clamp the output to the power supplies is strongly 
recommended. This is particularly important with higher sup- 
ply voltages. 

Experience has demonstrated that hard-wire shorting the 
output to the supplies can induce random failures if these 
external clamp diodes are not used and the supply voltages 
are above +20V. Therefore it is prudent to use output- 
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Application Information (Continued) 

clamp diodes even when the load is not particularly induc- 
tive. This also applies to experimental setups in that blow- 
outs have been observed when diodes were not used. In 
packaged equipment, it may be possible to eliminate these 
diodes, providing that fault conditions can be controlled. 



Heat sinking of the clamp diodes is usually unimportant in 
that they only clamp current transients. Forward drop with 
15A fault transients is of greater concern. Usually, these 
transients die out rapidly. The clamp to the negative supply 
can have somewhat reduced effectiveness under worst 
case conditions should the forward drop exceed 1.0V. 
Mounting this diode to the power op amp heat sink improves 
the situation. Although the need has only been demonstrat- 
ed with some motor loads, including a third diode (D3 
above) will eliminate any concern about the clamp diodes. 
This diode, however, must be capable of dissipating contin- 
uous power as determined by the negative supply current of 
the op amp. 

REACTIVE LOADING 

The LM12 is normally stable with resistive, inductive or 
smaller capacitive loads. Larger capacitive loads interact 
with the open-loop output resistance (about 1 ft) to reduce 
the phase margin of the feedback loop, ultimately causing 
oscillation. The critical capacitance depends upon the feed- 
back applied around the amplifier; a unity-gain follower can 
handle about 0.01 jllF, while more than 1 juF does not cause 
problems if the loop gain is ten. With loop gains greater than 
unity, a speedup capacitor across the feedback resistor will 
aid stability. In all cases, the op amp will behave predictably 
only if the supplies are properly bypassed, ground loops are 
controlled and high-frequency feedback is derived directly 
from the output terminal, as recommended earlier. 
So-called capacitive loads are not always capacitive. A 
high-Q capacitor in combination with long leads can present 
a series-resonant load to the op amp. In practice, this is not 
usually a problem; but the situation should be kept in mind. 
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Large capacitive loads (including series-resonant) can be 
accommodated by isolating the feedback amplifier from the 
load as shown above. The inductor gives low output imped- 
ance at lower frequencies while providing an isolating im- 
pedance at high frequencies. The resistor kills the Q of se- 
ries resonant circuits formed by capacitive loads. A low in- 
ductance, carbon-composition resistor is recommended. 
Optimum values of L and R depend upon the feedback gain 


and expected nature of the load, but are not critical. A 4 /xH 
inductor is obtained with 14 turns of number 18 wire, close 
spaced, around a one-inch-diameter form. 



OUT 


v" 
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The LM12 can be made stable for all loads with a large 
capacitor on the output, as shown above. This compensa- 
tion gives the lowest possible closed-loop output imped- 
ance at high frequencies and the best load-transient re- 
sponse. It is appropriate for such applications as voltage 
regulators. 

A feedback capacitor, Ci, is connected directly to the output 
pin of the 1C. The output capacitor, C 2 , is connected at the 
output terminal with short leads. Single-point grounding to 
avoid dc and ac ground loops is advised. 

The impedance, Z-j, is the wire connecting the op amp out- 
put to the load capacitor. About 3-inches of number-18 wire 
(70 nH) gives good stability and 18-inches (400 nH) begins 
to degrade load-transient response. The minimum load ca- 
pacitance is 47 juF, if a solid-tantalum capacitor with an 
equivalent series resistance (ESR) of 0.1ft is used. Electro- 
lytic capacitors work as well, although capacitance may 
have to be increased to 200 julF to bring ESR below 0.1ft. 
Loop stability is not the only concern when op amps are 
operated with reactive loads. With time-varying signals, 
power dissipation can also increase markedly. This is partic- 
ularly true with the combination of capacitive loads and 
high-frequency excitation. 


INPUT COMPENSATION 

The LM12 is prone to low-amplitude oscillation bursts com- 
ing out of saturation if the high-frequency loop gain is near 
unity. The voltage follower connection is most susceptible. 
This glitching can be eliminated at the expense of small-sig- 
nal bandwidth using input compensation. Input compensa- 
tion can also be used in combination with LR load isolation 
to improve capacitive load stability. 



TL/H/8704-9 

An example of a voltage follower with input compensation is 
shown here. The R 2 C 2 combination across the input works 
with Ri to reduce feedback at high frequencies without 
greatly affecting response below 100 kHz. A lead capacitor, 
Ci, improves phase margin at the unity-gain crossover fre- 
quency. Proper operation requires that the output imped- 
ance of the circuitry driving the follower be well under 1 kft 
at frequencies up to a few hundred kilohertz. 
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Application Information (Continued) 



Extending input compensation to the integrator connection 
is shown here. Both the follower and this integrator will han- 
dle 1 /aF capacitive loading without LR output isolation. 

CURRENT DRIVE 



This circuit provides an output current proportional to the 
input voltage. Current drive is sometimes preferred for servo 
motors because it aids in stabilizing the servo loop by reduc- 
ing phase lag caused by motor inductance. In applications 
requiring high output resistance, such as operational power 
supplies running in the current mode, matching of the feed- 
back resistors to 0.01 % is required. Alternately, an adjusta- 
ble resistor can be used for trimming. 

PARALLEL OPERATION 



Output drive beyond the capability of one power amplifier 
can be provided as shown here. The power op amps are 
wired as followers and connected in parallel with the out- 
puts coupled through equalization resistors. A standard, 
high-voltage op amp is used to provide voltage gain. Overall 
feedback compensates for the voltage dropped across the 
equalization resistors. 

With parallel operation, there may be an increase in unload- 
ed supply current related to the offset voltage across the 


equalization resistors. More output buffers, with individual 
equalization resistors, may be added to meet even higher 
drive requirements. 



This connection allows increased output capability without 
requiring a separate control amplifier. The output buffer, A 2 , 
provides load current through R 5 equal to that supplied by 
the main amplifier, A-j, through R 4 . Again, more output buff- 
ers can be added. 

Current sharing among paralleled amplifiers can be affected 
by gain error as the power-bandwidth limit is approached, in 
the first circuit, the operating current increase will depend 
upon the matching of high-frequency characteristics. In the 
second circuit, however, the entire input error of A 2 appears 
across R 4 and R 5 . The supply current increase can cause 
power limiting to be activated as the slew limit is ap- 
proached. This will not damage the LM12. It can be avoided 
in both cases by connecting A-j as an inverting amplifier and 
restricting bandwidth with Ci. 

SINGLE-SUPPLY OPERATION 



Although op amps are usually operated from dual supplies, 
single-supply operation is practical. This bridge amplifier 
supplies bi-directional current drive to a servo motor while 
operating from a single positive supply. The output is easily 
converted to voltage drive by shorting R 6 and connecting 
R 7 to the output of A 2 , rather than A-j. 

Either input may be grounded, with bi-directional drive pro- 
vided to the other. It is also possible to connect one input to 
a positive reference, with the input signal varying about this 
voltage. If the reference voltage is above 5V, R 2 and R 3 are 
not required. 
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HIGH VOLTAGE AMPLIFIERS 



The voltage swing delivered to the load can be doubled by 
using the bridge connection shown here. Output clamping to 
the supplies can be provided by using a bridge-rectifier as- 
sembly. 



One limitation of the standard bridge connection is that the 
load cannot be returned to ground. This can be circumvent- 
ed by operating the bridge with floating supplies, as shown 
above. For single-ended drive, either input can be ground- 
ed. 



This circuit shows how two amplifiers can be cascaded to double output swing. The advantage over the bridge is that the output 
can be increased with any number of stages, although separate supplies are required for each. 



Discrete transistors can be used to increase output drive to ± 90V at ± 1 0A as shown above. With proper thermal design, the 1C 
will provide safe-area protection for the external transistors. Voltage gain is about thirty. 
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OPERATIONAL POWER SUPPLY 



External current limit can be provided for a power op amp as shown above. The positive and negative current limits can be set 
precisely and independently. Fast response is assured by Di and D2. Adjustment range can be set down to zero with potentiom- 
eters R3 and R7. Alternately, the limit can be programmed from a voltage supplied to R2 and R6- This is the set up required for 
an operational power supply or voltage-programmable power source. 


SERVO AMPLIFIERS 

When making servo systems with a power op amp, there is 
a temptation to use it for frequency shaping to stabilize the 
servo loop. Sometimes this works; other times there are 
better ways; and occasionally it just doesn’t fly. Usually it’s a 
matter of how quickly and to what accuracy the servo must 
stabilize. 



This motor/tachometer servo gives an output speed propor- 
tional to input voltage. A low-level op amp is used for fre- 
quency shaping while the power op amp provides current 
drive to the motor. Current drive eliminates loop phase shift 
due to motor inductance and makes high-performance ser- 
vos easier to stabilize. 



This position servo uses an op amp to develop the rate 
signal electrically instead of using a tachometer. In high-per- 
formance servos, rate signals must be developed with large 
error signals well beyond saturation of the motor drive. Us- 
ing a separate op amp with a feedback clamp allows the 
rate signal to be developed properly with position errors 
more than an order of magnitude beyond the loop-satura- 
tion level as long as the photodiode sensors are positioned 
with this in mind. 
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VOLTAGE REGULATORS 



700 

TL/H/0704-22 

An op amp can be used as a positive or negative regulator. 
Unlike most regulators, it can sink current to absorb energy 
dumped back into the output. This positive regulator has a 
0-70V output range. 



Dual supplies are not required to use an op amp as a volt- 
age regulator if zero output is not required. This 4V to 70V 
regulator operates from a single supply. Should the op amp 
not be able to absorb enough energy to control an overvolt- 
age condition, a SCR will crowbar the output. 


REMOTE SENSING 


R1 R3 

5K 50k 



Remote sensing as shown above allows the op amp to cor- 
rect for dc drops in cables connecting the load. Even so, 
cable drop will affect transient response. Degradation can 
be minimized by using twisted, heavy-gauge wires on the 
output line. Normally, common and one input are connected 
together at the sending end. 

AUDIO AMPLIFIERS 


ci 



A power amplifier suitable for use in high-quality audio 
equipment is shown above. Harmonic distortion is about 
0.01 -percent. Intermodulation distortion (60 Hz/7 kHz, 4:1) 
measured 0.015-percent. Transient response and saturation 
recovery are clean, and the 9 V/jus slew rate of the LM12 
virtually eliminates transient intermodulation distortion. Us- 
ing separate amplifiers to drive low- and high-frequency 
speakers gets rid of high-level crossover networks and at- 
tenuators. Further, it prevents clipping on the low-frequency 
channel from distorting the high frequencies. 
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DETERMINING MAXIMUM DISSIPATION 

It is a simple matter to establish power requirements for an 
op amp driving a resistive load at frequencies well below 
10 Hz. Maximum dissipation occurs when the output is at 
one-half the supply voltage with high-line conditions. The 
individual output transistors must be rated to handle this 
power continuously at the maximum expected case temper- 
ature. The power rating is limited by the maximum junction 
temperature as determined by 

T J = T c + Pdiss 0JC. 

where Tc is the case temperature as measured at the cen- 
ter of the package bottom, Pdiss is the maximum power 
dissipation and 0jc is the thermal resistance at the operat- 
ing voltage of the output transistor. Recommended maxi- 
mum junction temperatures are 200°C within the power tran- 
sistor and 1 50°C for the control circuitry. 

If there is ripple on the supply bus, it is valid to use the 
average value in worst-case calculations as long as the 
peak rating of the power transistor is not exceeded at the 
ripple peak. With 120 Hz ripple, this is 1.5 times the continu- 
ous power rating. 

Dissipation requirements are not so easily established with 
time varying output signals, especially with reactive loads. 
Both peak and continuous dissipation ratings must be taken 
into account, and these depend on the signal waveform as 
well as load characteristics. 


With a sine wave output, analysis is fairly straightforward. 
With supply voltages of ±Vs, the maximum average power 
dissipation of both output transistors is 


p MAX = 


2V S 2 

7 T 2 Z|_COS0’ 


0 < 40°; 


and 


p MAX = [“ ~ °os0 ], 0^40°, 

where Z|_ is the magnitude of the load impedance and 0 its 
phase angle. Maximum average dissipation occurs below 
maximum output swing for 0 < 40°. 



CONDUCTION ANGLE (DEGREES) 

TL/H/8704-26 

The instantaneous power dissipation over the conducting 
half cycle of one output transistor is shown here. Power 
dissipation is near zero on the other half cycle. The output 
level is that resulting in maximum peak and average dissipa- 
tion. Plots are given for a resistive and a series RL load. The 
latter is representative of a 4 ft loudspeaker operating below 
resonance and would be the worst case condition in most 


audio applications. The peak dissipation of each transistor is 
about four times average. In ac applications, power capabili- 
ty is often limited by the peak ratings of the power transistor. 
The pulse thermal resistance of the LM12 is specified for 
constant power pulse duration. Establishing an exact equiv- 
alency between constant-power pulses and those encoun- 
tered in practice is not easy. However, for sine waves, rea- 
sonable estimates can be made at any frequency by assum- 
ing a constant power pulse amplitude given by: 

Ppk “5z[[ 1 ‘ C0S(<M) ]’ 

where 4> = 60° and 0 is the absolute value of the phase 
angle of Z|_. Equivalent pulse width is toN — 0.4r for 0 = 0 
and toN = 0.2 r for 0 ^ 20°, where r is the period of the 
output waveform. 

DISSIPATION DRIVING MOTORS 

A motor with a locked rotor looks like an inductance in se- 
ries with a resistance, for purposes of determining driver 
dissipation. With slow-response servos, the maximum signal 
amplitude at frequencies where motor inductance is signifi- 
cant can be so small that motor inductance does not have 
to be taken into account. If this is the case, the motor can 
be treated as a simple, resistive load as long as the rotor 
speed is low enough that the back emf is small by compari- 
son to the supply voltage of the driver transistor. 

A permanent-magnet motor can build up a back emf that is 
equal to the output swing of the op amp driving it. Reversing 
this motor from full speed requires the output drive transis- 
tor to operate, initially, along a loadline based upon the mo- 
tor resistance and total supply voltage. Worst case, this 
loadline will have to be within the continuous dissipation 
rating of the drive transistor; but system dynamics may per- 
mit taking advantage of the higher pulse ratings. Motor in- 
ductance can cause added stress if system response is 
fast. 

Shunt- and series-wound motors can generate back emf’s 
that are considerably more than the total supply voltage, 
resulting in even higher peak dissipation than a permanent- 
magnet motor having the same locked-rotor resistance. 

VOLTAGE REGULATOR DISSIPATION 

The pass transistor dissipation of a voltage regulator is easi- 
ly determined in the operating mode. Maximum continuous 
dissipation occurs with high line voltage and maximum load 
current. As discussed earlier, ripple voltage can be aver- 
aged if peak ratings are not exceeded; however, a higher 
average voltage will be required to insure that the pass tran- 
sistor does not saturate at the ripple minimum. 

Conditions during start-up can be more complex. If the input 
voltage increases slowly such that the regulator does not go 
into current limit charging output capacitance, there are no 
problems. If not, load capacitance and load characteristics 
must be taken into account. This is also the case if automat- 
ic restart is required in recovering from overloads. 
Automatic restart or start-up with fast-rising input voltages 
cannot be guaranteed unless the continuous dissipation rat- 
ing of the pass transistor is adequate to supply the load 
current continuously at all voltages below the regulated out- 
put voltage. In this regard, the LM12 performs much better 
than 1C regulators using foldback current limit, especially 
with high-line input voltage above 20V. 
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POWER LIMITING 



TIME (ms) 


TL/H/8704-27 


Should the power ratings of the LM12 be exceeded, dynam- 
ic safe-area protection is activated. Waveforms with this 
power limiting are shown for the LM12 driving ±36V at 
40 Hz into 4fl in series with 24 mH (0 = 45°). With an 
inductive load, the output clamps to the supplies in power 
limit, as above. With resistive loads, the output voltage 
drops in limit. Behavior with more complex RCL loads is 
between these extremes. 


Secondary thermal limit is activated should the case tem- 
perature exceed 1 50°C. This thermal limit shuts down the 1C 
completely (open output) until the case temperature drops 
to about 145°C. Recovery may take several seconds. 


POWER SUPPLIES 

Power op amps do not require regulated supplies. However, 
the worst-case output power is determined by the low-line 
supply voltage in the ripple trough. The worst-case power 
dissipation is established by the average supply voltage with 
high-line conditions. The loss in power output that can be 
guaranteed is the square of the ratio of these two voltages. 
Relatively simple off-line switching power supplies can pro- 
vide voltage conversion, line isolation and 5-percent regula- 
tion while reducing size and weight. 

The regulation against ripple and line variations can provide 
a substantial increase in the power output that can be guar- 
anteed under worst-case conditions. In addition, switching 
power supplies can convert low-voltage power sources 
such as automotive batteries up to regulated, dual, high- 
voltage supplies optimized for powering power op amps. 

HEAT SINKING 

A semiconductor manufacturer has no control over heat 
sink design. Temperature rating can only be based upon 


case temperature as measured at the center of the package 
bottom. With power pulses of longer duration than 1 00 ms, 
case temperature is almost entirely dependent on heat sink 
design and the mounting of the 1C to the heat sink. 



200 500 1000 2000 


HEAT-SINK AREA (In 2 ) 
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The design of heat sink is beyond the scope of this work. 
Convection-cooled heat sinks are available commercially, 
and their manufacturers should be consulted for ratings. 
The preceding figure is a rough guide for temperature rise 
as a function of fin area (both sides) available for convection 
cooling. 

Proper mounting of the 1C is required to minimize the ther- 
mal drop between the package and the heat sink. The heat 
sink must also have enough metal under the package to 
conduct heat from the center of the package bottom to the 
fins without excessive temperature drop. 

A thermal grease such as Wakefield type 120 or Thermalloy 
Thermacote should be used when mounting the package to 
the heat sink. Without this compound, thermal resistance 
will be no better than 0.5°C/W, and probably much worse. 
With the compound, thermal resistance will be 0.2°C/W or 
less, assuming under 0.005 inch combined flatness runout 
for the package and heat sink. Proper torquing of the 
mounting bolts is important. Four to six inch-pounds is rec- 
ommended. 

Should it be necessary to isolate V - from the heat sink, an 
insulating washer is required. Hard washers like berylium 
oxide, anodized aluminum and mica require the use of ther- 
mal compound on both faces. Two-mil mica washers are 
most common, giving about 0.4°C/W interface resistance 
with the compound. Silicone-rubber washers are also avail- 
able. A 0.5°C/W thermal resistance is claimed without ther- 
mal compound. Experience has shown that these rubber 
washers deteriorate and must be replaced should the 1C be 
dismounted. 
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Definition of Terms 

Input offset voltage: The absolute value of the voltage 
between the input terminals with the output voltage and cur- 
rent at zero. 

Input bias current: The absolute value of the average of 
the two input currents with the output voltage and current at 
zero. 

Input offset current: The absolute value of the difference 
in the two input currents with the output voltage and current 
at zero. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the ex- 
tremes. 

Supply-voltage rejection: The ratio of the specified sup- 
ply-voltage change to the change in offset voltage between 
the extremes. 

Output saturation threshold: The output swing limit for a 
specified input drive beyond that required for zero output. It 
is measured with respect to the supply to which the output is 
swinging. 

Large signal voltage gain: The ratio of the output voltage 
swing to the differential input voltage required to drive the 
output from zero to either swing limit. The output swing limit 
is the supply voltage less a specified quasi-saturation volt- 
age. A pulse of short enough duration to minimize thermal 
effects is used as a measurement signal. 


Thermal gradient feedback: The input offset voltage 
change caused by thermal gradients generated by heating 
of the output transistors, but not the package. This effect is 
delayed by several milliseconds and results in increased 
gain error below 100 Hz. 

Output-current limit: The output current with a fixed output 
voltage and a large input overdrive. The limiting current 
drops with time once the protection circuitry is activated. 
Power dissipation rating: The power that can be dissipat- 
ed for a specified time interval without activating the protec- 
tion circuitry. For time intervals in excess of 100 ms, dissipa- 
tion capability is determined by heat sinking of the 1C pack- 
age rather than by the 1C itself. 

Thermal resistance: The peak, junction-temperature rise, 
per unit of internal power dissipation, above the case tem- 
perature as measured at the center of the package bottom. 
The dc thermal resistance applies when one output transis- 
tor is operating continuously. The ac thermal resistance ap- 
plies with the output transistors conducting alternately at a 
high enough frequency that the peak capability of neither 
transistor is exceeded. 

Supply current: The current required from the power 
source to operate the amplifier with the output voltage and 
current at zero. 


Equivalent Schematic (excluding active protection circuitry) 
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LM101A/LM201 A/LM301 A Operational Amplifiers 


General Description 

The LM101 A series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. Advanced processing techniques 
make possible an order of magnitude reduction in input cur- 
rents, and a redesign of the biasing circuitry reduces the 
temperature drift of input current. Improved specifications 
include: 

■ Offset voltage 3 mV maximum over 
temperature (LM101A/LM201A) 

■ Input current 100 nA maximum over 
temperature (LM101A/LM201A) 

■ Offset current 20 nA maximum over 
temperature (LM101 A/LM201A) 

■ Guaranteed drift characteristics 

n Offsets guaranteed over entire common mode and sup- 
ply voltage ranges 

m Slew rate of 10V/jas as a summing amplifier 
This amplifier offers many features which make its applica- 
tion nearly foolproof: overload protection on the input and 


output, no latch-up when the common mode range is ex- 
ceeded, and freedom from oscillations and compensation 
with a single 30 pF capacitor. It has advantages over inter- 
nally compensated amplifiers in that the frequency compen- 
sation can be tailored to the particular application. For ex- 
ample, in low frequency circuits it can be overcompensated 
for increased stability margin. Or the compensation can be 
optimized to give more than a factor of ten improvement in 
high frequency performance for most applications. 

In addition, the device provides better accuracy and lower 
noise in high impedance circuitry. The low input currents 
also make it particularly well suited for long interval integra- 
tors or timers, sample and hold circuits and low frequency 
waveform generators. Further, replacing circuits where 
matched transistor pairs buffer the inputs of conventional 1C 
op amps, it can give lower offset voltage and a drift at a 
lower cost. 

The LM101A is guaranteed over a temperature range of 
— 55°C to + 1 25°C, the LM201A from -25°C to +85°C, 
and the LM301A from 0°C to +70°C. 


Schematic** and Connection Diagrams (Top View) 


BAL/ 



BALANCE/ l| 

COMPENSATION ? 
INPUT — 

INPUT — 
V“— 



COMPENSATION 

V + 

OUTPUT 

BALANCE 

TL/H/7752-4 


Metal Can Package 


COMPENSATION 



Note: Pin 4 connected to case. 

Order Number LM101AH, 
LM201AH or LM301AH 


See NS Package Number H08C 


TL/H/7752-2 


Dual-In-Line Package 



COMPENSATION 

V + 

OUTPUT 

BALANCE 

TL/H/7752-3 


Order Number LM101AJ, 
LM301AJ, LM201AN or LM301AN 
See NS Package Number J08A or N08A 


Order Number LM101AJ-14 
See NS Package Number J14A 


**Pin connections shown are for 8-pin packages. 
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LM101A/LM201A/LM301A 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 



LM101A/LM201A 

LM301A 

Supply Voltage 

±22V 

± 18V 

Differential Input Voltage 

±30V 

±30V 

Input Voltage (Note 1) 

± 15V 

±15V 

Output Short Circuit Duration (Note 2) 

Continuous 

Continuous 

Operating Ambient Temp. Range 

— 55°C to + 125°C (LM101A) 

— 25°C to +85°C (LM201A) 

0°Cto + 70°C 

Tj Max 

H-Package 

150°C 

100°C 

N-Package 

150°C 

100°C 

J-Package 

1 50°C 

100°C 

M-Package 

Power Dissipation at T A = 25°C 

H-Package (Still Air) 

500 mW 

300 mW 

(400 LF/Min Air Flow) 

1200 mW 

700 mW 

N-Package 

900 mW 

500 mW 

J-Package 

1000 mW 

650 mW 

M-Package 

Thermal Resistance (Typical) 0i A 

H-Package (Still Air) 

165°C/W 

1 65°C/W 

(400 LF/Min Air Flow) 

67°C/W 

67°C/W 

N Package 

135°C/W 

135°C/W . 

J-Package 

110°C/W 

1 1 0°CmW 

M-Package 
(Typical) 0i C 

H-Package 

25°C/W 

25°C/W 

Storage Temperature Range 

— 65°C to + 150°C 

— 65°C to +150°C 

Lead Temperature (Soldering, 10 sec.) 

Metal Can or Ceramic 

300°C 

300°C 

Plastic 

260°C 

260°C 

ESD Tolerance (Note 5) 

2000V 

2000V 


Electrical Characteristics (Note 3) = tj 


Parameter 

Conditions 

LM101A/LM201 A 

LM301A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, R s ^ 50 kn 


0.7 

2.0 


2.0 

m 

mV 

Input Offset Current 

T a = 25°C 


1.5 

10 


3.0 



Input Bias Current 

T a = 25°C 


30 

75 


70 

250 

nA 

Input Resistance 

T a = 25°C 

m 

4.0 



2.0 


Mn 

Supply Current 

T a = 25°C 



1.8 





mA 






1.8 

3.0 

mA 

Large Signal Voltage Gain 

T a = 25°C,V S = ±15V 

V 0 UT= ± 10V, R l ^ 2 kn 

50 

160 


25 

160 



Input Offset Voltage 

Rs ^ 50 kn 



3.0 



m 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

Rs ^ 50 kn 


3.0 

15 




juV/°C 

Input Offset Current 




20 



Q 

nA 

Average Temperature Coefficient 
of Input Offset Current 

25°C ^ T A ^ Tmax 

TmiN ^ T a ^ 25°C 


0.01 

0.1 


0.01 


nA/°C 


0.02 

0.2 


0.02 

0.6 

nA/°C 
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Electrical Characteristics (Note 3) T/\ = Tj (Continued) 


LM101A/LM201A 




Min 

Typ 

Max 

Min 

Typ 

Max 


Input Bias Current 




0.1 



0.3 

juA 

Supply Current 

Ta = T MA X.V S = ±20V 


1.2 

2.5 




mA 


Large Signal Voltage Gain 
Output Voltage Swing 


Input Voltage Range Vg = ±20V . ± 15 1 I I V 

V S = ±15V ±15, -13 ±12 +15, -13 V_ 

Common-Mode Rejection Ratio Rs ^ 50 kfl 80 96 70 90 dB 

Supply Voltage Rejection Ratio Rs ^ 50 kft 80 96 70 96 dB 

Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101A/LM201A, and 70°C and 55°C 
respectively for LM301A. 

Note 3: Unless otherwise specified, these specifications apply for Cl = 30 pF, ±5V £ Vs ^ ±20V and -55 9 C £ T A ^ + 125°C (LM101 A), ±5V £ Vs ^ ±20 V 
and — 25°C <; T A £ +85°C (LM201A), ±5V £ V s <; ±15V and 0°C <; T A <; +70 6 C (LM301A). 

Note 4: Refer to RETS101AX for LM101A military specifications. 

Note 5: Human body model, 100 pF discharged through 1.5 kn. 


V S = ±15V, VquT = ±10V 
R l :> 2k 

V S = ± 15V 


25 



15 



V/mV 

±12 

±14 


±12 

±14 


V 

±10 

±13 


±10 

±13 


V 

±15 






V 


±15, -13 


±12 

+ 15, -13 


V 

80 

96 


70 

90 


dB 

80 

96 


70 

96 


dB 


Guaranteed Performance Characteristics lmioia/lm 2 oia 


Input Voltage Range 


Output Swing 


Voltage Gain 


20 



* 10 



uj 






flc 12 

U4 




i . 


zm 


- -55°C <T A < 125°C - 


10 IS 

SUPPLY VOLTAGE (W) 




•55 0 C<T a <125°C 


to IS 

SUPPLY VOLTAGE (±V) 



10 15 

SUPPLY VOLTAGE (±V) 


20 

TL/H/7752-5 


Guaranteed Performance Characteristics lm3oia 


Input Voltage Range 


Output Swing 


Voltage Gain 





SUPPLY VOLTAGE (± V) 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 
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LM101A/LM201A/LM301A 


Typical Performance Characteristics 


Supply Current 



5 10 IS 20 

SUPPLY VOLTAGE (±V) 


Voltage Gain 



SUPPLY VOLTAGE (±V) 


Maximum Power Dissipation 



25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Input Current, 
LM101A/LM201A/LM301A 



-SO 0 50 100 ISO 200 


TEMPERATURE (°C) 


Current Limiting 



0 5 10 15 20 25 30 

OUTPUT CURRENT (UnA) 



o 

z 

5 


I 

< 


Input Noise Voltage 





1 






"‘1 


HI 


iffi 

t A7 

25°C 

Uiilll 1 




10 100 IK 10K 100K 

FREQUENCY (Hz) 



Common Mode Rejection 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection 



Closed Loop Output 



TL/H/7752-7 
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Typical Performance Characteristics for Various Compensation Circuits** 


Single Pole Compensation 

R 2 



Two Pole Compensation 

R2 


120 

100 

3 10 
* 

< 60 
a 

a 40 
§ 

5 20 


Cs = 30 pF 


Open Loop Frequency 
Response 






— i — | — 

T A «25°C 


X 


d 

- PHi 

* 

s - 




k 

VSE \ 

v_ 




V 

\ 

Z 

t 





\ 


SIN 

GLEPi 

)LE 



x 

~ 

I 

c 

_ 






1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

TL/H/7752- 

Large Signal Frequency 
Response 



IK 10K 100K 1M 10M 

FREQUENCY (Hz) 

TL/H/7752-10 

Voltage Follower Pulse 
Response 



0 10 20 30 40 60 60 70 60 
TIME Oat 

TL/H/7752-1 1 



120 

100 

1 B0 
a 

| M 

in 

> 20 
0 

-20 


Open Loop Frequency 
Response 


— 

— 



1 

TWO POL 

| 

E 



A 


1 

PHASE 





k 

5 


/ 



i 

n 

V- 


pP 



GAI 

N — 

5 



V s «±I5\ 
- Cl - 30 p 
C2 -300 
L— 1 

f 



X 


PF 





X 


225 

leo 2 

jS 

135? 

§ 

00 | 
45 i 


10 103 Ik ICfc 103k 1M 10M 
FREQUENCY (Hz) 

TL/H/7752-1 3 

Large Signal Frequency 
Response 



10k 100k 1M 

FREQUENCY (Hz) 

TL/H/7752-1 4 

Voltage Follower Pulse 
Response 



- 



















— 



NPl 



£ 

L 








l* 


rn 


\ 





[ 

1 1 

WO P0LE- 

1 1 


JT 





t 


Jj 






— 1 — 1 — 1 — 
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V 


mm 











c 
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0 10 20 30 40 50 60 70 BO 
TIME (pi) 

TL/H/7752-1 5 


Feedforward Compensation 



Open Loop Frequency 
Response 

225 
110 

S 

135 R 

m 

« 5 

“f 

o 


10 100 Ik IGk 1C3k 1M 1073 1CSM 
FREQUENCY (Hz) 

TL/H/7752-1 7 

Large Signal Frequency 



100k 1M 10M 

FREQUENCY (Hz) 

TL/H/7752-1 8 



Inverter Pulse Response 







ID 
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_J 

_J 

B 



— 

p- 

— 

— 

V 
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1 
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1 
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012345678 
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TL/H/7752-1 9 


**Pin connections shown are for 8-pin packages. 
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LM101A/LM201A/LM301A 


Typical Applications’ 11 * 


Variable Capacitance Multiplier 


Simulated Inductor 


R1 R2 
IK 10K 



Fast Inverting Amplifier 
with High Input Impedance 



Inverting Amplifier 
with Balancing Circuit 




Sine Wave Oscillator 



Integrator with Bias Current 
Compensation 



•Adjust for zero integrator drift. Current drift typically 
0.1 nA/°C over -55°C to + 125°C temperature range. 


**Pin connections shown are for 8-pin packages. 
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Application Hints* * 


Protecting Against Gross Compensating for Stray Input Capacitances 

Fault Conditions or Large Feedback Resistor 





Although the LM101 A is designed for trouble free operation, 
experience has indicated that it is wise to observe certain 
precautions given below to protect the devices from abnor- 
mal operating conditions. It might be pointed out that the 
advice given here is applicable to practically any 1C op amp, 
although the exact reason why may differ with different de- 
vices. 

When driving either input from a low-impedance source, a 
limiting resistor should be placed in series with the input 
lead to limit the peak instantaneous output current of the 
source to something less than 100 mA. This is especially 
important when the inputs go outside a piece of equipment 
where they could accidentally be connected to high voltage 
sources. Large capacitors on the input (greater than 0.1 jlcF) 
should be treated as a low source impedance and isolated 
with a resistor. Low impedance sources do not cause a 
problem unless their output voltage exceeds the supply volt- 
age. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 

The output circuitry is protected against damage from shorts 
to ground. However, when the amplifier output is connected 
to a test point, it should be isolated by a limiting resistor, as 
test points frequently get shorted to bad places. Further, 
when the amplifer drives a load external to the equipment, it 
is also advisable to use some sort of limiting resistance to 
preclude mishaps. 


Precautions should be taken to insure that the power sup- 
plies for the integrated circuit never become reversed — 
even under transient conditions. With reverse voltages 
greater than IV, the 1C will conduct excessive current, fus- 
ing internal aluminum interconnects. If there is a possibility 
of this happening, clamp diodes with a high peak current 
rating should be installed on the supply lines. Reversal of 
the voltage between V+ and V~ will always cause a prob- 
lem, although reversals with respect to ground may also 
give difficulties in many circuits. 

The minimum values given for the frequency compensation 
capacitor are stable only for source resistances less than 
10 kn, stray capacitances on the summing junction less 
than 5 pF and capacitive loads smaller than 100 pF. If any 
of these conditions are not met, it becomes necessary to 
overcompensate the amplifier with a larger compensation 
capacitor. Alternately, lead capacitors can be used in the 
feedback network to negate the effect of stray capacitance 
and large feedback resistors or an RC network can be add- 
ed to isolate capacitive loads. 

Although the LM101A is relatively unaffected by supply by- 
passing, this cannot be ignored altogether. Generally it is 
necessary to bypass the supplies to ground at least once on 
every circuit card, and more bypass points may be required 
if more than five amplifiers are used. When feed-forward 
compensation is employed, however, it is advisable to by- 
pass the supply leads of each amplifier with low inductance 
capacitors because of the higher frequencies involved. 


**Pin connections shown are for 8-pin packages. 
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LM101A/LM201A/LM301A 


Typical Applications** (Continued) 

Standard Compensation and 

Offset Balancing Circuit Fast Summing Amplifier 




Fast Voltage Follower Bilateral Current Source 




Fast AC/DC Converter* 


R6 C2 

20K IOjuF 



**Pin connections shown are for 8-pin packages. 
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Typical Applications** (continued) 


Instrumentation Amplifier 



Integrator with Bias Current Compensation 



Voltage Comparator for Driving RTL Logic or 
High Current Driver 



TL/H/7752-37 



**Pin connections shown are for 8-pin packages. 



LM101A/LM201A/LM301A 


Typical Applications** (Continued) 

Low Drift Sample and Hold 


Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 



30 pF 

**Pin connections shown are for 8-pin packages. TL/H/7752-38 
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National 
Semiconductor 

LM107/LM207/LM307 Operational Amplifiers 

General Description 

The LM107 series are complete, general purpose operation- 
al amplifiers, with the necessary frequency compensation 
built into the chip. Advanced processing techniques make 
the input currents a factor of ten lower than industry stan- 
dards like the 709. Yet, they are a direct, plug-in replace- 
ment for the 709, LM101A and 741. 

The LM107 series offers the features of the LM101A, which 
makes its application nearly foolproof. In addition, the de- 
vice provides better accuracy and lower noise in high im- 
pedance circuitry. The low input currents also make it partic- 
ularly well suited for long interval integrators or timers, sam- 
ple and hold circuits and low frequency waveform genera- 


tors. Further, replacing circuits where matched transistor 
pairs buffer the inputs of conventional 1C op amps, it can 
give lower offset voltage and drift at a lower cost. 

The LM107 is guaranteed over a -55°C to + 125°C temper- 
ature range, the LM207 from -25°C to +85°C and the 
LM307 from 0°C to +70°C. 

Features 

■ Offset voltage 3 mV maximum over temperature 
a Input current 100 nA maximum over temperature 
b Offset current 20 nA maximum over temperature 
a Guaranteed drift characteristics 



Connection Diagrams 


Metal Can Package 



TL/H/7757-2 


Note: Pin 4 connected to case. 


Top View 


Order Number LM107H, LM207H or LM307H 
See NS Package Number H08C 


Dual-in-Line Package 



Order Number LM107J, LM207J or LM307J 
See NS Package Number J08A 
Order Number LM307M 
See NS Package Number M08A 
Order Number LM307N 
See NS Package Number N08A 
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LM 1 07/LM207/LM307 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short Circuit Duration 
Operating Temperature Range (T A ) 
(LM107) 

(LM207) 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


LM107/LM20 7 

±22V 
500 mW 
+ 30V 
± 15V 
Continuous 

— 55°C to + 1 25°C 
— 25°C to +85°C 

— 65°C to + 150°C 

260°C 


LM307 

± 18V 
500 mW 
±30V 
± 15V 
Continuous 

0°C to +70°C 

— 65°C to + 1 50°C 
260°C 


LM107 — 55°C + 1 25°C 

LM207 — 25°C + 85°C 

LM307 0°C + 70°C 

ESD rating to be determined. 


Electrical Characteristics (Note 3) 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Input Resistance 
Supply Current 


Large Signal Voltage 
Gain 

Input Offset Voltage 

Average Temperature 
Coefficient of Input 
Offset Voltage 

Input Offset Current 


Average Temperature 
Coefficient of Input 
Offset Current 


Conditions 

T a = 25°C, R s <; 50 ka 

T a = 25°C 

T a = 25°C 

T a = 25°C 

T A = 25°C 
V S = +20V 

V s = ±15V 

T a = 25°C,V S = ± 15V 
Vqut = ±10V, R L ^2kn 

Rs ^ 50 kn 


LM107/LM207 | 

LM307 


Typ 

Max 

Min 

Typ 

Max 


0.7 

2.0 


2.0 

7.5 


1.5 

10 


3.0 

50 


30 

75 


70 

250 


4.0 


0.5 

2.0 



1.8 

3.0 


1.8 

3.0 


160 


25 

160 



3.0 


1 10 

15 


6.0 

30 

20 


70 

0.1 


0.01 

0.3 

0.2 


0.02 

0.6 



300 





Electrical Characteristics (Note 3) (Continued) 

Parameter 

Conditions 

LM107/LM207 

LM307 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Large Signal Voltage 

V s = ±15V ( V 0 UT = ± 10V 




15 




Gain 

R L ^ 2 kfl 

25 






V/mV 

Output Voltage Swing 

V s = ± 15V 

R L = 10 kH 

±12 

±14 


±12 

±14 


V 


R L = 2kn 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

V s = +20V 

±15 






V 


V s = ± 15V 


+ 15 


±12 

+ 15 


V 




-13 



-13 



Common Mode 
Rejection Ratio 

Rs ^ 50 kH 

80 

96 

1 


70 

90 


dB 

Supply Voltage 

Rejection Ratio 

R s ^ 50 k n 

80 

96 


70 

96 


dB 


Note 1: The maximum junction temperature of the LM107 is 150°C, and the LM207/LM307 is 100°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 165°C/W, junction to ambient, or 30°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for +5V £ V s £ + 20V and -55°C £ T A ^ +125°Cforthe LM107 or -25°C £ T A + 85°C for the LM207, and 0°C ^ Ta ^ 
+ 70°C and ± 5V ^ Vs ^ ± 1 5V for the LM307 unless otherwise specified. 

Note 4: Refer to RETS107X for LM107H and LM107J military specifications. 

Schematic Diagram 


v+ 



*Pin connections shown are for metal can. v TL/H/7757-1 
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LM107/LM207/LM307 


Guaranteed Performance Characteristics LM107/LM207 


Input Voltage Range 





SUPPLY VOLTAGE (±V) 


TL/H/7757-4 


Guaranteed Performance Characteristics LM307 


Input Voltage Range 



5 10 15 

SUPPLY VOLTAGE UV) 


Output Swing 



5 10 15 

SUPPLY VOLTAGE UV) 


Typical Performance Characteristics 



5 10 15 20 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


Voltage Gain 



5 10 15 

SUPPLY VOLTAGE (±V) 


TL/H/7757-5 



Current Limiting 



0 5 10 15 20 25 30 


OUTPUT CURRENT (tmA) 




FREQUENCY (Hz) 

TL/H/7757-6 
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Typical Performance Characteristics (Continued) 


Open Loop 
Frequency Response 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Large Signal 



IK 1DK 100K 

FREQUENCY (Hi) 


Typical Applications** 


Voltage Follower 



0 10 20 30 40 50 60 70 80 
TIME (/*) 


TL/H/7757-7 


Inverting Amplifier 


Non-Inverting AC Amplifier 



R2 

VOUT = ~j^ V IN 



Non-Inverting Amplifier 


Ri+R 2 W 

VOUT ^ V|N 


TL/H/7757-9 


R1 R2 



**Pin connections shown are for metal can. 
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LM 1 07/LM207/LM307 


Typical Applications** (continued) 



Differential Input Instrumentation Amplifier 


INPUT 


+ 



OUTPUT 


**Pin connections shown are for metal can. 


TL/H/7757-12 
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National 
Semiconductor 

LM108/LM208/LM308 Operational Amplifiers 

General Description 

The LM108 series are precision operational amplifiers hav- 
ing specifications a factor of ten better than FET amplifiers 
over a — 55°C to + 125°C temperature range. 

The devices operate with supply voltages from ±2V to 
±20V and have sufficient supply rejection to use unregulat- 
ed supplies. Although the circuit is interchangeable with and 
uses the same compensation as the LM101A, an alternate 
compensation scheme can be used to make it particularly 
insensitive to power supply noise and to make supply by- 
pass capacitors unnecessary. 

The low current error of the LM108 series makes possible 
many designs that are not practical with conventional ampli- 
fiers. In fact, it operates from 10 MH source resistances, 


introducing less error than devices like the 709 with 10 kfl 
sources. Integrators with drifts less than 500 juV/sec and 
analog time delays in excess of one hour can be made us- 
ing capacitors no larger than 1 fxF. 

The LM108 is guaranteed from -55°C to -F125°C, the 
LM208 from -25°C to -F85°C, and the LM308 from 0°C to 
+ 70°C. 

Features 

□ Maximum input bias current of 3.0 nA over temperature 
m Offset current less than 400 pA over temperature 

□ Supply current of only 300 juA, even in saturation 
E3 Guaranteed drift characteristics 



Compensation Circuits 

Standard Compensation Circuit 

R1 R2 



Alternate 1 ' Frequency Compensation 


R1 R2 



TL/H/7758-2 

"Improves rejection of power supply noise by a factor of ten. 

'"Bandwidth and slew rate are proportional to 1/C S 


Feedforward Compensation 

C2 


5 pF 



TL/H/7758-3 
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LM108/LM208/LM308 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

LM108/LM208 LM308 

Supply Voltage ±20V ±18V 

Power Dissipation (Note 1) 500 mW 500 mW 

Differential 1 nput Current (Note 2) ± 1 0 m A ±10 m A 

Input Voltage (Note 3) ± 1 5V ± 1 5V 

Output Short-Circuit Duration Continuous Continuous 

Operating Temperature Range (LM1 08) — 55°Cto +125°C 0°Cto +70°C 

(LM208) — 25°C to + 85°C 

Storage Temperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec) 

DIP 260°C 260°C 

H Package Lead Temp 

(Soldering 10 seconds) 300°C 300°C 

Soldering Information 

Dual-ln-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product 

Reliability” for other methods of soldering surface mount devices. 

ESD Tolerance (Note 6) 2000V 

Electrical Characteristics (Note 4) 

Parameter 

Condition 

LM108/LM208 

LM308 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25°C 


0.05 

0.2 


0.2 

1 

nA 

Input Bias Current 

T a = 25°C 


0.8 

2.0 


1.5 

7 

nA 

Input Resistance 

T a = 25°C 

30 

70 


10 

40 


Ma 

Supply Current 

T a = 25°C 


0.3 

0.6 


0.3 

0.8 

mA 

Large Signal Voltage 
Gain 

T a = 25°C,V S = ± 15V 
V 0 UT= ±10V, R l ;> 10 ka 

50 

300 


25 

300 


V/mV 

Input Offset Voltage 




3.0 



10 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 


■ 


15 


6.0 

30 

iivrc 

Input Offset Current 




0.4 



1.5 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 




2.5 


2.0 

10 

pA/°C 

Input Bias Current 




3.0 



10 

nA 

Supply Current 

T a = + 1 25°C 


0.15 

0.4 




mA 

Large Signal Voltage 
Gain 

V s = ±15V, V 0 UT = ±10V 
r l ^ io ka 

25 



15 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = 10 ka 

±13 

±14 


±13 

±14 


V 
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Electrical Characteristics (Note 4) (continued) 


Parameter 

Condition 

LM108/LM208 

LM308 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Voltage Range 

V s = ± 15V 

±13.5 



±14 



V 

Common Mode 
Rejection Ratio 


85 

100 


80 

100 


dB 

Supply Voltage 
Rejection Ratio 


80 

96 


80 

96 


dB 


Note 1:The maximum junction temperature of the LM108 is 150°C, for the LM208, 100°C and for the LM308, 85°C. For operating at elevated temperatures, devices 
in the H08 package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the 
dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V ^ Vs ^ +20V and -55°C £ Ta £ +125°C, unless otherwise specified. With the LM208, however, all temperature 
specifications are limited to -25°C ^ Ta ^ 85°C, and for the LM308 they are limited to 0°C ^ Ta ^ 70°C. 

Note 5: Refer to RETS108X for LM108 military specifications. 

Note 6: Human body model, 1.5 kft in series with 100 pF. 

Schematic Diagram 



TL/H/7758-8 
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LM108/LM208/LM308 



LM 1 08/LM208/LM308 


Typical Performance Characteristics lmios/lm 208 


Input Currents 



TEMPERATURE (°C) 


Offset Error 



Drift Error 



1Q0K 1M 10M 100M 

INPUT RESISTANCE (0) 


Input Noise Voltage 



10 100 IK 10K 100K 

FREQUENCY (Hz) 


Closed Loop 



Voltage Gain 



S 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Swing 



0 2 4 6 8 


OUTPUT CURRENT <±mA) 


Supply Current 



5 10 15 20 

SUPPLY VOLTAGE t±V> 


Open Loop 
Frequency Response 



1 10 100 IK 10K TOOK 1M 10M 


Large Signal 
Frequency Response 



IK 10K 100K 1M 


Voltage Follower 
Pulse Response 



0 20 40 60 80 100 120140 160 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


TIME M 


TL/H/7758-6 
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VOLTAGE GAIN fdB) VOLTAGE GAIN (dB) INPUT NOISE (nV/ v'TIz) INPUT CURRENT (nA) 


Typical Performance Characteristics lm3os 




10 100 IK 10K 100K 

FREQUENCY (Hz) 


Power Supply Rejection 


El 



m 

Tm 


Bi 

B 


■ 

s 


m 





N 

rn 


NEGATI 

C 

i 

I s 

VESUPF 

f = 30 pi 
s = 100 | 

1 

| 

m 

BfB 

M 



100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Closed Loop 
Output Impedance 



FREQUENCY (Hz) 


Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Swing 



0 2 4 6 8 

OUTPUT CURRENT (tmA) 


Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Open Loop 
Frequency Response 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Large Signal 
Frequency Response 



IK 10K 100K 1M 


Voltage Follower 
Pulse Response 



0 20 40 60 80 100 120140160 


FREQUENCY (Hz) 


TIME (/«> 


TL/H/7758-7 







Typical Applications (Continued) 


Fastf Summing Amplifier 


C5$ 



Connection Diagrams 

Metal Can Package 
COMP 2 



Order Number LM108H, LM208H or LM308H 
See NS Package Number H08C 

’Package is connected to Pin 4 (V~) 

’Unused pin (no internal connection) to allow for input anti-leakage guard 
ring on printed circuit board layout. 


Dual-ln-Line Package 



COMP 2 

v + 


OUTPUT 


NC 


TL/H/7758-15 


Order Number LM108J-8, LM208J-8, LM308J-8, 
LM308M or LM308N 

See NS Package Number J08A, M08A or N08E 
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LM 1 08A/LM208A/LM308A 


National 
Semiconductor 

LM 1 08A/LM208A/LM308 A Operational Amplifiers 

General Description 

The LM108/LM108A series are precision operational ampli- 
fiers having specifications about a factor of ten better than 
FET amplifiers over their operating temperature range. In 
addition to low input currents, these devices have extremely 
low offset voltage, making it possible to eliminate offset ad- 
justments, in most cases, and obtain performance ap- 
proaching chopper stabilized amplifiers. 

The devices operate with supply voltages from ±2V to 
±18V and have sufficient supply rejection to use unregulat- 
ed supplies. Although the circuit is interchangeable with and 
uses the same compensation as the LM101A, an alternate 
compensation scheme can be used to make it particularly 
insensitive to power supply noise and to make supply by- 
pass capacitors unnecessary. 

The low current error of the LM108A series makes possible 
many designs that are not practical with conventional ampli- 
fiers. In fact, it operates from 10 Mft source resistances, 


introducing less error than devices like the 709 with 10 kn 
sources. Integrators with drifts less than 500 juV/sec and 
analog time delays in excess of one hour can be made us- 
ing capacitors no larger than 1 juF. 

The LM208A is identical to the LM108A, except that the 
LM208A has its performance guaranteed over a -25°C to 
+ 85°C temperature range, instead of -55°C to +125°C. 
The LM308A devices have slightly-relaxed specifications 
and performances over a 0°C to + 70°C temperature range. 

Features 

b Offset voltage guaranteed less than 0.5 mV 
b Maximum input bias current of 3.0 nA over temperature 
a Offset current less than 400 pA over temperature 
B Supply current of only 300 ju,A, even in saturation 
B Guaranteed 5 ju,V/°C drift 



Compensation Circuits 

Standard Compensation Circuit 

R1 R2 



"•Bandwidth and slew rate are proportional to 1/Cf . 


Alternate* Frequency Compensation 

R1 R2 



TL/H/7759-2 

‘Bandwidth and slew rate are proportional to 1/C S . 


Feedforward Compensation 


C2 

5pF 



TL/H/7759-3 
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LM108A/LM208A Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature Range -65°Cto +150°C 

please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) (DIP) 260°C 

Office/Distributors for availability and specifications. Soldering Information 

<Note 5) Dual-In-Line Package 

Supply Voltage ±20V Soldering (10 sec.) 260”C 

Power Dissipation (Note 1) 500 mW Small Outline Package 

Differential Input Current (Note 2) ± 1 0 mA Vapor Phase (60 sec.) 21 5°C 

Input Voltage (Note 3) +15V Infrared (15 sec.) 220°C 

Output Short-Circuit Duration Continuous s ee A n^50 “Surface Mounting Methods and Their Effect 

K on Product Reliability for other methods of soldering sur- 

Operating Free Air Temperature Range face mount dev ices. 

LM108A — 55°C to + 125°C _._-r 1 /m + o\ onnm/ 

LM208A — 25°C to + 85°C ESD Tolerance (Note 6) 2000V 

Electrical Characteristics (Note 4) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C 


0.3 

0.5 

mV 

Input Offset Current 

T a = 25°C 


0.05 

0.2 

nA 

Input Bias Current 

T a = 25°C 


0.8 

2.0 

nA 

Input Resistance 

T a = 25°C 

30 

70 


Mfl 

Supply Current 

T a = 25°C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V, 

V 0 UT= ±iov, R l ^ 10 kH 

80 

300 


V/mV 

Input Offset Voltage 




1.0 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 



1.0 

5.0 

juV/°C 

Input Offset Current 




0.4 

nA 

Average Temperature Coefficient 
of Input Offset Current 



0.5 

2.5 

pA/°C 

Input Bias Current 




3.0 

nA 

Supply Current 

T a = 125°C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

V s = ±15V,V 0 UT= ±10V, 

R[_ ^ 10 kfl 

40 



V/mV 

Output Voltage Swing 

V s = ± 15V, R L = 10 kn 

±13 

±14 


V 

Input Voltage Range 

V s = ± 15V 

±13.5 



V 

Common Mode Rejection Ratio 


96 

110 


dB 

Supply Voltage Rejection Ratio 


96 

110 


dB 

Note 1: The maximum junction temperature of the LM108A is 150°C, while that of the LM208A is 100°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 1 60°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 

IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5\/ <. V$ £ ±20V and -55°C ^ Ta ^ 125°C, unless otherwise specified. With the LM208A, however, all temperature 
specifications are limited to -25°C ^ Ta ^ 85°C. 

Note 5: Refer to RETS108AX for LM108AH and LM108AJ-8 military specifications. 

Note 6: Human body model, 1 .5 kft in series with 1 00 pF. 
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LM 1 08A/LM208A/LM308A 


LM308A Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) (DIP) 260°C 

please contact the National Semiconductor Sales Soldering Information 

Office/Distributors for availability and specifications. Dual-1 n-Line Package 

Supply Voltage ±18V Soldering (10 sec.) 260°C 

Power Dissipation (Note 1) 500 mW Small Outline Package 

Differential Input Current (Note 2) ±10 mA Vapor phase (60 sec.) 215«C 

Infrared (15 sec.) 220°C 

Input Voltage (Note 3) ±15V gee An-450 “Surface Mounting Methods and Their Effect 

Output Short-Circuit Duration Continuous on p roc | uc t Reliability” for other methods of soldering sur- 

Operating Temperature Range 0°C to + 70°C face mount devices. 

Storage Temperature Range -65°C to + 1 50°C ESD rating to be determined. 

H-Package Lead Temperature 
(Soldering, 10 sec.) 300°C 

Electrical Characteristics (Note 4) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C 


0.3 

0.5 

mV 

Input Offset Current 

T a = 25°C 


0.2 

1 

nA 

Input Bias Current 

T a = 25° C 


1.5 

7 

nA 

Input Resistance 

T a = 25°C 

10 

40 


Ma 

Supply Current 

T a = 25°C, V s = ± 15V 


0.3 

0.8 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V, 

Vout= ± 10 V,R L ;> io ka 

80 

300 


V/mV 

Input Offset Voltage 

Vs = ± 1 5V, R S = 100a 



0.73 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

V s = + 15V, R s = loon 


2.0 

5.0 

jLtV/°C 

Input Offset Current 




1.5 

nA 

Average Temperature Coefficient 
of Input Offset Current 



2.0 

10 

pA/°C 

Input Bias Current 




10 


Large Signal Voltage Gain 

Vs = ±15V, Vout = ±10V, 
r l ^ io ka 

60 




Output Voltage Swing 

V s = ±15V, R l = 10 ka 

±13 

±14 


S3 

Input Voltage Range 

V s = ± 15V 

±14 



V 

Common Mode Rejection Ratio 


96 

110 


dB 

Supply Voltage Rejection Ratio 


96 

110 


dB 

Note 1: The maximum junction temperature of the LM308A is 85°C. For operating at elevated temperatures, devices in the H08 package must be derated based on 
a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to 
ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 

IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V £ Vs ^ ±15V and 0°C £ Ta ^ +70°C, unless otherwise specified. 
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LM 1 08A/LM208A/LM308A 


Application Hints 

A very low drift amplifier poses some uncommon application 
and testing problems. Many sources of error can cause the 
apparent circuit drift to be much higher than would be pre- 
dicted. 

Thermocouple effects caused by temperature gradient 
across dissimilar metals are perhaps the worst offenders. 
Only a few degrees gradient can cause hundreds of micro- 
volts of error. The two places this shows up, generally, are 
the package-to-printed circuit board interface and tempera- 
ture gradients across resistors. Keeping package leads 
short and the two input leads close together helps greatly. 
Resistor choice as well as physical placement is important 
for minimizing thermocouple effects. Carbon, oxide film and 
some metal film resistors can cause large thermocouple er- 
rors. Wirewound resistors of evanohm or manganin are best 
since they only generate about 2 julV/°C referenced to cop- 
per. Of course, keeping the resistor ends at the same tem- 
perature is important. Generally, shielding a low drift stage 
electrically and thermally will yield good results. 


Resistors can cause other errors besides gradient generat- 
ed voltages. If the gain setting resistors do not track with 
temperature a gain error will result. For example, a gain of 
1000 amplifier with a constant 10 mV input will have a 10V 
output. If the resistors mistrack by 0.5% over the operating 
temperature range, the error at the output is 50 mV. Re- 
ferred to input, this is a 50 ju,V error. All of the gain fixing 
resistor should be the same material. 

Testing low drift amplifiers is also difficult. Standard drift 
testing technique such as heating the device in an oven and 
having the leads available through a connector, thermo- 
probe, or the soldering iron method — do not work. Thermal 
gradients cause much greater errors than the amplifier drift. 
Coupling microvolt signal through connectors is especially 
bad since the temperature difference across the connector 
can be 50°C or more. The device under test along with the 
gain setting resistor should be isothermal. 


Schematic Diagram 
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Connection Diagrams 

Metal Can Package 


COMP 2 



TL/H/7759-7 

Pin 4 is connected to the case. 

* ‘Unused pin (no internal connection) to allow for input anti-leakage guard 
ring on printed circuit board layout. 

Order Number LM108AH, LM208AH or LM208AH 
See NS Package Number H08C 


DuaMn-Line Package 



TL/H/7759-8 

Top View 

Order Number LM108AJ-8, LM208AJ-8, LM308AJ-8, 
LM308AM or LM308AN 

See NS Package Number J08A, M08A or N08E 



LM1 12/LM21 2/LM31 2 


National 
Semiconductor 

LM112/LM212/LM312 Operational Amplifiers 

General Description 

The LM112 series are micropower operational amplifiers 
with very low offset-voltage and input-current errors— at 
least a factor of ten better than FET amplifiers over a 
-55°C to + 125°C temperature range. Similar to the LM108 
series, that also use supergain transistors, they differ in that 
they include internal frequency compensation and have pro- 
visions for offset adjustment with a single potentiometer. 

These amplifiers will operate on supply voltages of ± 2 V to 
±20V, drawing a quiescent current of only 300 juA Per- 
formance is not appreciably affected over this range of volt- 
ages, so operation from unregulated power sources is easily 
accomplished. They can also be run from a single supply 
like the 5V used for digital circuits. 

The LM1 12 series are the first 1C amplifiers to improve reli- 
ability by including overvoltage protection for the MOS com- 
pensation capacitor. Without this feature, IC’s have been 


known to suffer catastrophic failure caused by short-dura- 
tion overvoltage spikes on the supplies. Unlike other inter- 
nally-compensated 1C amplifiers, it is possible to overcom- 
pensate with an external capacitor to increase stability mar- 
gin. 

The LM212 is identical to the LM1 1 2, except that the LM21 2 
has its performance guaranteed over a -25°C to +85°C 
temperature range instead of -55°C to +125°C. The 
LM312 is guaranteed over a 0°C to +70°C temperature 
range. 

Features 

9 Maximum input bias current of 3 nA over temperature 
9 Offset current less than 400 pA over temperature 
» Low noise 

■ Guaranteed drift specifications 



Connection Diagram 


Meta! Can Package 

BALANCE 



Top View 


TL/H/7751-4 


Order Number IM112H, LM212H, or LM312H 
See NS Package Number H08C 


Auxiliary Circuits 

Offset Balancing 


R1 

100K 



TL/H/7751-2 


Overcompensation for Greater Stability Margin 



TL/H/7751 -3 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, please contact the 
National Semiconductor Sales Office/Distributors for availability and 


specifications. 

(Note 5) 

LM112/LM212 LM312 

Supply Voltage ± 20V ± 1 8V 

Power Dissipation (Note 1 ) 500 mW 500 mW 

Differential Input Current (Note 2) ± 1 0 mA ± 1 0 mA 

Input Voltage (Note 3) ± 1 5V ± 1 5V 

Output Short-Circuit Duration Continuous Continuous 


Operating Temperature Range 
LM112 
LM212 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


- 55°C to + 1 25°C 0°C to + 70°C 

- 25°C to +85°C 

- 65°C to + 1 50°C - 65°C to + 1 50°C 

300°C 300°C 


ESD rating to be determined. 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

LM1 12/LM212 

LM312 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25° C 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25°C 


0.05 

0.2 


0.2 

1 

nA 

Input Bias Current 

T a = 25°C 


0.8 

2.0 


1.5 

7 

nA 

Input Resistance 

T a = 25° C 

30 

70 


10 

40 


MH 

Supply Current 

T a = 25° C 


0.3 

0.6 


0.3 

0.8 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V 
VoUT= ±10V, R L ^ lOkft 

50 

300 


25 

300 


V/mV 

Input Offset Voltage 




3.0 



10 

mV 

Average Temperature 

Coefficient of Input 

Offset Voltage 



3.0 

15 


6.0 

30 

ju,V/°C 

Input Offset Current 




0.4 



1.5 

nA 

Average Temperature 

Coefficient of Input 

Offset Current 



0.5 

2.5 


2.0 

10 

pA/°C 

Input Bias Current 




3.0 



10 

nA 

Supply Current 

T a = 125°C 


0.15 

0.4 




mA 

Large Signal Voltage Gain 

V s = ±15V, V 0 UT = ±10V 
r l ^ io kn 

25 



15 



V/mV 

Output Voltage Swing 

V s = ±15V,R L = lOkft 

±13 

±14 


±13 

±14 


V 

Input Voltage Range 

V S = ±15V 

±13.5 



±14 



V 

Common-Mode Rejection Ratio 


85 

100 


80 

100 


dB 

Supply Voltage Rejection Ratio 


80 

96 


80 

96 


dB 


Note 1: The maximum junction temperature of the LM1 12 is 150°C, LM212 is 100°C and LM312 is 85°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of IV is 
applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for + 5V £ Vs ^ ±20V and -55°C <■ £ +125°C (LM112), -25°C ^ T A £ +85°C (LM212), +5V ^ Vs ^ +15V and 

0° C £ T a ^ +70°C (LM312) unless otherwise noted. 

Note 5: Refer to RETS112X for LM112H military specifications. 
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LM1 12/LM212/LM312 


Typical Performance Characteristics LM112/LM212 


Input Currents 




Drift Error 



l.u 

100K 1M 10M 100M 


INPUT RESISTANCE (11) 


Input Noise Voltage 



10 100 IK tOK 100K 

FREQUENCY (Hz) 


Power Supply Rejection 



100 IK 10K 100K 1M 10M 


FREQUENCY (Hi) 


Closed Loop 
Output Impedance 



10 100 IK 10K INK 1M 10M 

FREQUENCY (Hz) 



Open Loop Frequency 
Response 



180 

135 

90 

45 

0 


0.1 1 10 100 IK 10K INK 1M 

FREQUENCY (Hz) 


Large Signal Frequency 



FREQUENCY (Hi) 


Voltage Follower Pulse 
Response 



0 50 IN 150 200 250300 350 400 
TIME M 


TL/H/7751 -5 
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Typical Performance Characteristics LM 312 


Input Currents 



0 10 20 30 40 BO 60 70 BO 

TEMPERATURE <°C) 



Drift Error 



INPUT RESISTANCE (ft) 




100 IK 10K 100K 1M 10M 


FREQUENCY (Hz) 


Closed Loop 
Output Impedance 



10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Voltage Gain 



5 10 IS 20 


Output Swing 





3 



V, 


15V 

1 




1 


Vi 

Ta 



= D C 



T \ 

= 25° 

c — 

rj 

► 





11 

Ta = 



1 

70°C 














.p 









L 

1 



0 2 4 6 8 


Supply Current 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


OUTPUT CURRENT (±mA) 


(SUPPLY VOLTAGE <±V) 


Open Loop Frequency 
Response 



0.1 1 10 100 IK 10K 100K 1M 


FREQUENCY (Hz) 


Large Signal Frequency 



Voltage Follower Pulse 
Response 



0 50 100150 200 250300 350 400 


FREQUENCY (Hz) 


TIME (jis) 


TL/H/7751 -6 
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LM1 12/LM212/LM312 




National 
Semiconductor 

LM1 18/LM218/LM318 
Operational Amplifiers 

General Description 

The LM118 series are precision high speed operational am- 
plifiers designed for applications requiring wide bandwidth 
and high slew rate. They feature a factor of ten increase in 
speed over general purpose devices without sacrificing DC 
performance. 

The LM118 series has internal unity gain frequency com- 
pensation. This considerably simplifies its application since 
no external components are necessary for operation. How- 
ever, unlike most internally compensated amplifiers, exter- 
nal frequency compensation may be added for optimum 
performance. For inverting applications, feedforward com- 
pensation will boost the slew rate to over 150V/jas and al- 
most double the bandwidth. Overcompensation can be 
used with the amplifier for greater stability when maximum 
bandwidth is not needed. Further, a single capacitor can be 
added to reduce the 0.1 % settling time to under 1 jus. 

The high speed and fast settling time of these op amps 
make them useful in A/D converters, oscillators, active fil- 


ters, sample and hold circuits, or general purpose amplifiers. 
These devices are easy to apply and offer an order of mag- 
nitude better AC performance than industry standards such 
as the LM709. 

The LM21 8 is identical to the LM118 except that the LM21 8 
has its performance specified over a -25°C to + 85°C tem- 
perature range. The LM318 is specified from 0°C to +70°C. 

Features 

□ 15 MHz small signal bandwidth 

□ Guaranteed 50V/ juts slew rate 

0 Maximum bias current of 250 nA 

□ Operates from supplies of ±5V to ±20V 

□ Internal frequency compensation 

□ Input and output overload protected 

0 Pin compatible with general purpose op amps 



Connection Diagrams 


Metal Can Package* 

COMPENSATION-2 



TL/H/7766-2 

Top View 

*Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 

Order Number LM118H, LM218H or LM318H 
See NS Package Number H08C 


Dual-In-Line Package 



TL/H/7766-3 

Top View 

Order Number LM118J-8, LM318J-8, 

LM318M or LM318N 

See NS Package Number J08A, M08A or N08B 
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LM1 18/LM218/LM318 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

(Note 6) 

Supply Voltage ± 20V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ± 1 0 mA 

Input Voltage (Note 3) ± 1 5V 

Output Short-Circuit Duration Continuous 

Operating Temperature Range 

LM118 — 55°C to + 1 25°C 

LM218 — 25°C to +85°C 

LM318 0°C to + 70°C 

Storage T emperature Range — 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 

Hermetic Package 300°C 

Plastic Package 260°C 

Soldering Information 

Dual-ln-Line Package 

Soldering (1 0 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD T olerance (Note 7) 2000V 

Electrical Characteristics (Note 4) 









Parameter 

Conditions 

LM118/LM218 

LM318 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25° C 


2 

4 


4 

10 

mV 

Input Offset Current 

T A = 25°C 


6 

50 


30 

200 

nA 

Input Bias Current 

T a = 25° C 


120 

250 


150 

500 

nA 

Input Resistance 

T a = 25°C 

1 

3 


0.5 

3 


Mft 

Supply Current 

T a = 25°C 


5 

8 


5 

10 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V 

Vqut “ ±10V, R L > 2 kn 

50 

200 


25 

200 


V/mV 

Slew Rate 

T a = 25°C, V s = ± 1 5V, A v = 
(Note 5) 

1 

50 

70 


50 

70 


V/jus 

Small Signal Bandwidth 

T a = 25°C, V s = ±15V 


15 



15 


MHz 

Input Offset Voltage 




6 



15 

mV 

Input Offset Current 




100 



300 

nA 

Input Bias Current 




500 



750 

nA 

Supply Current 

T a = 125°C 


4.5 

7 




mA 

Large Signal Voltage Gain 

V s = +15V, V 0UT = ±10V 

R L ^ 2 kH 

25 



20 



V/mV 

Output Voltage Swing 

V s = ± 1 5V, R L = 2kft 

±12 

±13 


±12 

±13 


V 

Input Voltage Range 

V s = ± 15V 

±11.5 



±11.5 



V 

Common-Mode Rejection Ratio 


80 

100 


70 

100 


dB 

Supply Voltage Rejection Ratio 


70 

80 


65 

80 


dB 

Note 1: The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated temperatures, devices 
in the H08 package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the 
dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 

IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V <; V s <; +20V and -55°C <; T A £ +125°C (LM118), -25°C £ T A <; +85°C (LM218), and 0°C <; T A ^ +70°C 
(LM318). Also, power supplies must be bypassed with 0.1 jmF disc capacitors. 

Note 5: Slew rate is tested with Vs = ±15V. The LM118 is in a unity-gain non-inverting configuration. Vin is stepped from -7.5V to +7.5V and vice versa. The 
slew rates between -5.0V and +5.0V and vice versa are tested and guaranteed to exceed 50 V/jj,s. 

Note 6: Refer to RETS118X for LM118H and LM1 18J-8 military specifications. 

Note 7: Human body model, 1.5 kfl in series with 100 pF. 


3-396 




Typical Performance Characteristics lmus, LM218 
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Typical Performance Characteristics lm3is (continued) 
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TL/H/7766-7 





LM118/LM218/LM318 


Auxiliary Circuits 


Feedforward Compensation 
for Greater inverting Slew Ratet 

5K 



Compensation for Minimum Settling! Time 

5 pF 



Offset Balancing 


Isolating Large Capacitive Loads 




Overcompensation 



Typical Applications 

Fast Voltage Follower* 


5 pF 



Integrator or Slow Inverter 



TL/H/7766-14 

*Do not hard-wire as integrator or slow inverter; insert a 
10k-5 pF network in series with the input, to prevent oscillation. 
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Typical Applications (Continued) 

Fast Summing Amplifier 


5 pF 



Differential Amplifier 
10K 



Fast Sample and Hold 

10 pF 



TL/H/7766-18 


D/A Converter Using Ladder Network 


5 pF 
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National 

Semiconductor 


LM 1 24/LM224/LM324, LM 1 24A/LM224A/LM324A, 
LM2902 Low Power Quad Operational Amplifiers 


General Description 

The LM124 series consists of four independent, high gain, 
internally frequency compensated operational amplifiers 
which were designed specifically to operate from a single 
power supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power sup- 
ply current drain is independent of the magnitude of the 
power supply voltage. 

Application areas include transducer amplifiers, DC gain 
blocks and all the conventional op amp circuits which now 
can be more easily implemented in single power supply sys- 
tems. For example, the LM124 series can be directly operat- 
ed off of the standard +5 Vdc power supply voltage which 
is used in digital systems and will easily provide the required 
interface electronics without requiring the additional 
± 1 5 Vdc power supplies. 

Unique Characteristics 

a In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a sin- 
gle power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

d The input bias current is also temperature 
compensated. 


Advantages 

■ Eliminates need for dual supplies 

fl Four internally compensated op amps in a single 
package 

fl Allows directly sensing near GND and Vout also 9 oes 
to GND 

■ Compatible with all forms of logic 

a Power drain suitable for battery operation 

Features 

fl Internally frequency compensated for unity gain 
H Large DC voltage gain 1 00 dB 

b Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 
b Wide power supply range: 

Single supply 3 Vdc to 32 Vdc 

or dual supplies ± 1 .5 Vdc to ± 1 6 Vdc 

a Very low supply current drain (700 jmA) — essentially in- 
dependent of supply voltage 

a Low input biasing current 45 nAoc 

(temperature compensated) 

a Low input offset voltage 2 mVoc 

and offset current 5 nAoc 

a Input common-mode voltage range includes ground 
a Differential input voltage range equal to the power sup- 
ply voltage 

a Large output voltage swing 0 Vdc to V+ - 1.5 Vdc 


Connection Diagram 


Schematic Diagram (Each Amplifier) 


Dual-In-Line Package 

OUTPUT 4 INPUT 4’ INPUT 4 + GND INPUT 3 + INPUT 3“ OUTPUT 3 
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OUTPUT 1 INPUT r INPUT \* V + INPUT 2 + INPUT 2" OUTPUT 2 

TL/H/9299-1 

Top View 


v + 



Order Number LM124J, LM124AJ, LM224J, 
LM224AJ, LM324J, LM324AJ, LM324M, LM324AM, 
LM2902M, LM324N, LM324AN or LM2902N 
See NS Package Number J14A, M14A or N14A 
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LM 1 24/LM224/LM324/LM 1 24A/LM224A/LM324A/LM2902 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. 
(Note 9) 

LM 1 24/ LM224/LM324 . M9Qno LM124/LM224/LM324 . 

LM 1 24A/LM224A/LM324A LM124A/LM224A/LM324A LM< * 

Supply Voltage, V + 32 Vdc or ± 1 6 Vqc 26 V D c or ± 1 3 Vdc Storage T emperature Range - 65°C to + 1 50°C - 65°C to 

Differential Input Voltage 32 Vdc 26 Vdc Lead Temperature (Soldering, 10 seconds) 260°C 260 

Input Voltage - 0.3 Vdc to + 32 Vpc - 0-3 Vdc to + 26 Vqc Soldering Information 


Supply Voltage, V + 

Differential Input Voltage 
Input Voltage 
Input Current 

(V| N < —0.3 V DC ) (Note 3) 
Power Dissipation (Note 1) 
Molded DIP 
Cavity DIP 

Small Outline Package 
Output Short-Circuit to GND 
(One Amplifier) (Note 2) 

V + <£ 15 V DC and T A = 25°C 
Operating Temperature Range 
LM324/LM324A 
LM224/LM224A 
LM124/LM124A 


1130 mW 
1260 mW 
800 mW 


0°C to +70°C 

— 25°C to +85°C 

- 55°C to + 1 25°C 


1130 mW 
1260 mW 
800 mW 


Continuous 
— 40°C to +85°C 


LM124/LM224/LM324 . M9Qno 

LM 1 24A/LM224A/LM324A Ln/^yuc 

Storage T emperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 seconds) 260°C 260°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) 260°C 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 21 5°C 

Infrared (15 seconds) 220°C 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for 
other methods of soldering surface mount devices. 

ESD Tolerance (Note 1 0) 250V 250V 


Electrical Characteristics V 


+ 5.0 Vdc> (Note 4), unless otherwise stated 




LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 




Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 


Input Offset Voltage 

(Note 5) T a = 25° C 

±1 +2 

±1 ±3 

±2 ±3 

±2 ±5 

±2 ±7 

±2 ±7 

mVpc 

Input Bias Current 
(Note 6) 

l|N(+)O r l|N(-)> V CM = 0V, 

T a = 25°C 

20 50 

40 80 

45 100 

45 150 

45 250 

45 250 

nApc 

Input Offset Current 

•lN(+) “ l|N(-)> V CM = P V, 

T a = 25°C 

±2 ±10 

±2 ±15 

±5 ±30 

±3 ±30 

±5 ±50 

±5 ±50 

nA DC 

Input Common-Mode 
Voltage Range (Note 7) 

V + = 30 V DC> (LM2902, V + = 26 V DC ), 
T a = 25°C 

0 V + — 1.5 

0 V + — 1.5 

0 V + — 1.5 

0 V + — 1.5 

0 V + — 1.5 

0 V + — 1.5 

Vdc 

Supply Current 

Over Full Temperature Range 
r l = oo On All Op Amps 

V + = 30V (LM2902 V + = 26V) 

V + = 5V 

1.5 3 

0.7 1.2 

1.5 3 

0.7 1.2 

1.5 3 

0.7 1.2 

1.5 3 

0.7 1.2 

1.5 3 

0.7 1.2 

1.5 3 

0.7 1.2 

mApc 

Large Signal 

Voltage Gain 

v + = i5V DC , Rl ^ 2 k a, 

(Vo = 1 V DC to 1 1 V DC ), Ta = 25'C 

50 100 

50 100 

25 100 

50 100 

25 100 

25 100 

V/mV 

Common-Mode 

Rejection Ratio 

DC, V CM = ov to V + - 1.5 V DC , 

T a = 25“C 

70 85 

70 85 

65 85 

70 85 

65 85 

50 70 

dB 

Power Supply 

Rejection Ratio 

DC, V + = 5 V DC to 30 V DC 
(LM2902, V + = 5 V DC to 26 V DC ), 

T a = 25°C 

65 100 

65 100 

65 100 

65 100 

65 100 

50 100 

dB 
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Electrical Characteristics v + = +5.0 Vdc (Note 4) unless otherwise stated (Continued) 


Parameter 

Conditions 

LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Amplifier-to-Amplifier 
Coupling (Note 8) 

f = 1 kHz to 20 kHz, T A = 25°C 
(Input Referred) 

-120 

-120 

-120 

-120 

-120 

-120 

dB 

Output Current 

Source 

V|N + = 1 Vqc, V|M~ =0Vdc, 

V + = 15 V DC , V 0 = 2 V DC , T A = 25°C 

20 40 

20 40 

20 40 

20 40 

20 40 

20 40 

mApc 

Sink 

Vin~ = 1 Vdc. Vin + = oVdc, 

V + = 15 V DC , V 0 = 2 V DC , Ta = 25“C 

10 20 

10 20 

10 20 

10 20 

10 20 

10 20 

Vin _ = 1 Vdc. Vin + = OVdc. 

V+ = 1 5 V DC . Vo = 200 mV DC , Ta = 25“C 

12 50 

12 50 

12 50 

12 50 

12 50 

12 50 

F-Adc 

Short Circuit to Ground 

(Note 2) V + = 15 V DC , T A = 25°C 

40 60 

40 60 

40 60 

40 60 

40 60 

40 60 

mApc 

Input Offset Voltage 

(Note 5) 

±4 

+ 4 

±5 

±7 

±9 

±10 

mVpc 

Input Offset 

Voltage Drift 

Rg = on 

±7 ±20 

±7 ±20 

+ 7 ±30 

±7 

±7 

±7 

jaV/°C 

Input Offset Current 

•lN(+) “ llN(-). V CM = 0V 

+ 30 

±30 

±75 

±100 

±150 

±45 ±200 

nApc 

Input Offset 

Current Drift 

r s = on 

±10 +200 

+ 10 ±200 

±10 ±200 

±10 

±10 

±10 

PAdc/°C 

Input Bias Current 

■lN( + )O rl IN(-) 

40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nApc 

Input Common-Mode 
Voltage Range (Note 7) 

V + = +30 V DC 
(LM2902, V + = 26 V DC ) 

0 V + -2 

0 V + -2 

0 V + —2 

0 V + —2 

0 V + —2 

0 V + -2 

Vdc 

Large Signal 

Voltage Gain 

V + = +15 V DC 

(Vq Swing = 1 Vqc to 1 1 Vqc) 

R l ^ 2 k n 

25 

25 

15 

25 

15 

15 

V/mV 

Output Voltage 
Swing 

v OH 

V + = +30 V DC , r l — 2kn 

26 

26 

26 

26 

26 

22 

Vdc 

r l ^ io kn 

(LM2902, V + = 26 V DC ) 

27 28 

27 28 

27 28 

27 28 

27 28 

23 24 

v OL 

V + = 5V 0C , Rl^ 10 kn 

5 20 

5 20 

5 20 

5 20 

5 20 

5 100 

mVoc 




zo6zm/wzm-]mzzmmzim/mmmzm/nim 



3-408 


LM1 24/LM224/LM324/LM 1 24A/LM224A/LM324A/LM2902 


Electrical Characteristics v + = + 5.0 Vqc (Note 4) unless otherwise stated (Continued) 


Parameter 


Conditions 


LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 

Units 





Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Output Current 

Source 

< 

o 

ll 

< 

8 

V IN + = +1 V DC> 

Vin — o Vqc. v + 

= 15V DC 

10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

mApc 


Sink 


Vin~ = +i Vqc, 
V|N + = ov DC ,v + 

= 15V DC 

10 

15 

5 

8 

5 

8 

5 

8 

5 

8 

5 

8 


Note 1: For operating at high temperatures, the LM324/LM324A, LM2902 must be derated based on a + 125°C maximum junction temperature and a thermal resistance of 88°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers — use external resistors, 
where possible, to allow the amplifier to saturate of to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 40 mA independent of the magnitude of 
V + . At values of supply voltage in excess of + 15 Vqc, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V + voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vqc (at 25°C). 
Note 4: These specifications are limited to -55°C ^ Ta ^ + 125°C for the LM124/LM124A. With the LM224/LM224A, all temperature specifications are limited to -25°C ^ T/y ^ + 85°C, the LM324/LM324A temperature 
specifications are limited to 0°C ^ T^ ^ +70°C, and the LM2902 specifications are limited to -40°C ^ Ta ^ + 85°C. 

Note 5: Vq = 1.4 Vqc. Rs == with V + from 5 V DC to 30 Vdc; and over the full input common-mode range (0 Vqc to V + - 1.5 Vqc) at 25°C; for LM2902, V + from 5 Vd C to 26 Vdc- 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the common-mode voltage range is V + - 1.5V (at 25°C), but either or both 
inputs can go to +32 V DC without damage ( + 26 V D c for LM2902), independent of the magnitude of V + . 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitance increases at higher frequencies. 
Note 9: Refer to RETS124AX for LM124A military specifications and refer to RETS124X for LM124 military specifications. 

Note 10: Human body model, 1.5 kn in series with 100 pF. 



Typical Performance Characteristics 
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Output Characteristics 
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Response 
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Typical Performance Characteristics (LM 2902 om y ) 



0 10 20 30 

V + - SUPPLY VOLTAGE (V DC ) 


Application Hints 

The LM124 series are op amps which operate with only a 
single power supply voltage, have true-differential inputs, 
and remain in the linear mode with an input common-mode 
voltage of 0 Vdc- These amplifiers operate over a wide 
range of power supply voltage with little change in perform- 
ance characteristics. At 25°C amplifier operation is possible 
down to a minimum supply voltage of 2.3 Vdc- 
The pinouts of the package have been designed to simplify 
PC board layouts. Inverting inputs are adjacent to outputs 
for all of the amplifiers and the outputs have also been 
placed at the corners of the package (pins 1, 7, 8, and 14). 
Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Large differential input voltages can be easily accommo- 
dated and, as input differential voltage protection diodes are 
not needed, no large input currents result from large differ- 
ential input voltages. The differential input voltage may be 
larger than V+ without damaging the device. Protection 
should be provided to prevent the input voltages from going 
negative more than -0.3 Vdc ( at 25°C). An input clamp 
diode with a resistor to the 1C input terminal can be used. 
To reduce the power supply drain, the amplifiers have a 
class A output stage for small signal levels which converts 
to class B in a large signal mode. This allows the amplifiers 
to both source and sink large output currents. Therefore 
both NPN and PNP external current boost transistors can 
be used to extend the power capability of the basic amplifi- 
ers. The output voltage needs to raise approximately 1 di- 
ode drop above ground to bias the on-chip vertical PNP 
transistor for output current sinking applications. 

For ac applications, where the load is capacitively coupled 
to the output of the amplifier, a resistor should be used, from 
the output of the amplifier to ground to increase the class A 
bias current and prevent crossover distortion. 



0 10 20 30 

V 4 - SUPPLY VOLTAGE (V^) 

TL/H/9299-4 


Where the load is directly coupled, as in dc applications, 
there is no crossover distortion. 

Capacitive loads which are applied directly to the output of 
the amplifier reduce the loop stability margin. Values of 
50 pF can be accommodated using the worst-case non-in- 
verting unity gain connection. Large closed loop gains or 
resistive isolation should be used if larger load capacitance 
must be driven by the amplifier. 

The bias network of the LM124 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of from 3 Vdc to 30 Vdc- 
Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive junction temperatures. Putting direct short-circuits on 
more than one amplifier at a time will increase the total 1C 
power dissipation to destructive levels, if not properly pro- 
tected with external dissipation limiting resistors in series 
with the output leads of the amplifiers. The larger value of 
output source current which is available at 25°C provides a 
larger output current capability at elevated temperatures 
(see typical performance characteristics) than a standard 1C 
op amp. 

The circuits presented in the section on typical applications 
emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the 
standard op amp circuits can be used. In general, introduc- 
ing a pseudo-ground (a bias voltage reference of V + /2) will 
allow operation above and below this value in single power 
supply systems. Many application circuits are shown which 
take advantage of the wide input common-mode voltage 
range which includes ground. In most cases, input biasing is 
not required and input voltages which range to ground can 
easily be accommodated. 
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Typical Single-Supply Applications (v+ = 5.0 v DC ) (Continued) 


Fixed Current Sources Lamp Driver 

v + v + 




Current Monitor 



TL/H/9299-12 


Driving TTL 



Voltage Follower Pulse Generator 




TL/H/9299-15 




Typical Single-Supply Applications <v + = 5.0 v DC ) (continued) 



Pulse Generator 



High Compliance Current Sink 

I 



(Increase Re for l 0 small) TL/H/9299-18 


Low Drift Peak Detector 



Comparator with Hysteresis Ground Referencing a Differential Input Signal 
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Typical Single-Supply Applications <v+ = 5.0 vdc) (continued) 

Voltage Controlled Oscillator Circuit 


0.05|uF 



Photo Voltaic-Cell Amplifier 

Rf 

1M 



TL/H/9299-23 

AC Coupled Inverting Amplifier 


Rf 

100k 



TL/H/9299-24 



Typical Single-Supply Applications (v + = 5.0 v DC ) (Continued) 


AC Coupled Non-Inverting Amplifier 


R1 R2 

100k 1M 



1 
3 Vpp 

T 


DC Coupled Low-Pass RC Active Filter 


ci 

O.OlpF 



High Input Z, DC Differential Amplifier 

R2 

100k 



As shown: Vq = 2 (V 2 - V-0 


TL/H/9299-25 


TL/H/9299-26 


TL/H/9299-27 


3 - 



Typical Single-Supply Applications (v + = 5.0 v DC ) (continued) 

High Input Z Adjustable-Gain 
DC Instrumentation Amplifier 


R1 

100k 



Vo==1+ R2' (V2 ~ Vl) 

As shown Vq = 101 (V 2 - Vi) 


Using Symmetrical Amplifiers to Bridge Current Amplifier 

Reduce Input Current (General Concept) +v 




TL/H/9299-29 
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LM143/LM343 


National 
Semiconductor 

LM143/LM343 High Voltage 
Operational Amplifier 

General Description 

The LM143 is a general purpose high voltage operational 
amplifier featuring operation to ±40V, complete input over- 
voltage protection up to ±40V and input currents compara- 
ble to those of other super-/? op amps. Increased slew rate, 
together with higher common-mode and supply rejection, 
insure improved performance at high supply voltages. Oper- 
ating characteristics, in particular supply current, slew rate 
and gain, are virtually independent of supply voltage and 
temperature. Furthermore, gain is unaffected by output 
loading at high supply voltages due to thermal symmetry on 
the die. The LM143 is pin compatible with general purpose 
op amps and has offset null capability. 

Application areas include those of general purpose op 
amps, but can be extended to higher voltages and higher 
output power when externally boosted. For example, when 
used in audio power applications, the LM143 provides a 
power bandwidth that covers the entire audio spectrum. In 
addition, the LM143 can be reliably operated in environ- 
ments with large overvoltage spikes on the power supplies, 
where other internally-compensated op amps would suffer 
catastrophic failure. 

The LM343 is similar to the LM143 for applications in less 
severe supply voltage and temperature environments. 


Connection Diagram 


Metal Can Package 
Top View 
NC 



Order Number LM143H or LM343H 
See NS Package Number H08C 


Features 

■ Wide supply voltage range +4.0V to +40V 

■ Large output voltage swing +37V 

■ Wide input common-mode range ±38V 

■ Input overvoltage protection Full ±40V 

■ Supply current is virtually independent of supply voltage 
and temperature 

Unique Characteristics 

■ Low input bias current 8.0 nA 

■ Low input offset current 1 .0 nA 

■ High slew rate — essentially independent of temperature 

and supply voltage 2.5 V//j,s 

■ High voltage gain— virtually independent of resistive 

loading, temperature, and supply voltage 100k min 

■ Internally compensated for unity gain 

■ Output short circuit protection 

■ Pin compatible with general purpose op amps 
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Absolute Maximum Ratings (Note d 








If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales 

Office/ 

Distributors for availability and specifications. 








(Note 4) 












LM143 



LM343 


Supply Voltage 



±40V 



±34V 


Power Dissipation (Note 1) 

680 mW 



680 mW 


Differential Input Voltage (Note 2) 


80V 



68V 


Input Voltage (Note 2) 


±40V 



±34V 


Operating Temperature Range 

— 55°C to + 1 25°C 


0°C to +70°C 


Storage Temperature Range 

— 65°C to + 1 50°C 


— 65°C to + 150°C 


Output Short Circuit Duration 

5 seconds 



5 seconds 


Lead Temperature (Soldering, 10 sec.) 


300°C 



300°C 


ESD rating to be determined. 








Electrical Characteristics (Note3> 








Parameter 

Conditions 

LM143 

LM343 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C 


2.0 

5.0 


2.0 

8.0 

mV 

Input Offset Current 

T a = 25°C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T a = 25°C 


8.0 

20 


8.0 

40 

nA 

Supply Voltage 

Rejection Ratio 

T a = 25°C 


10 

100 


10 

200 

jitV/V 

Output Voltage Swing 

T a = 25°C, R[_ ;> 5 ka 

22 

25 


20 

25 


V 

Large Signal Voltage 

T a = 25°C, V 0U t = +10V, 

100k 

180k 


70k 

180k 


V/V 

Gain 

r l ^ ioo ka 



Common-Mode 

Rejection Ratio 

T a = 25°C 

80 

90 


70 

90 


dB 

Input Voltage Range 

T a = 25°C 

±24 

±26 


±22 

±26 


V 

Supply Current (Note 5) 

T a = 25°C 


2.0 

4.0 


2.0 

5.0 

mA 

Short Circuit Current 

T a = 25°C 


20 



20 


mA 

Slew Rate 

T a = 25°C, A v = 1 


2.5 



2.5 


V/ julS 

Power Bandwidth 

T A =25 o C f V O ijT = 40Vp.p, 

R l = 5 ka, THD ^ 1% 


20k 



20k 


Hz 

Unity Gain Frequency 

T a = 25°C 


1.0M 



1.0M 


Hz 

Input Offset Voltage 

T a = Max 



6.0 



10 

mV 


c 

2 

II 



6.0 



10 

Input Offset Current 

T a = Max 


0.8 

4.5 


0.8 

14 

nA 


T a = Min 


1.8 

7.0 


1.8 

14 

Input Bias Current 

T a = Max 


5.0 

35 


5.0 

55 

nA 


c 

2 

II 

£ 


16 

35 


16 

55 

Large Signal Voltage 

Rl_ ^ 100 ka, T a = Max 

50k 

150k 


50k 

150k 


V/V 

Gain 

R l ;> 100ka,T A = Min 

50k 

220k 


50k 

220k 


Output Voltage Swing 

Rl ^ 5.0 ka, T a = Max 

22 

26 


20 

26 


\j 


Rl ^ 5.0 ka, T a = Min 

22 

25 


20 

25 



Note 1: Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed the maximum junction temperature of the LM143 (150°C) 
or the LM343 (100°C). For operating at elevated temperatures, devices in the H08 package must be derated based on a thermal resistance of 155°C/W, junction to 

ambient, or 20°C/W, junction to case. 








Note 2: For supply voltage less than ±40V for the LM143 and less than ±34V for the LM343, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for Vs = ±28V. For LM143, Ta = max = 125°C and Ta = min 
n °r. 

= — 55°C. For LM343, T A = max = 70°C and T A 

- min = 

Note 4: Refer to RETS143X for LM143H and LM1536H military specifications. 







Note 5: The maximum supply currents are guaranteed at Vs = ±40V for the LM143 and Vs = ±34V for the LM343. 
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Typical Performance Characteristics 


Voltage Follower Slew Rate 
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Supply Current 
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Short Circuit Current 
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Unity Gain Bandwidth 
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! 
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Input Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise Current 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Common-Mode Rejection 



1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection 



1.0 10 100 Ik 10k 100k 1M 
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Large Signal Frequency 
Response 
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Voltage Follower Pulse 



0 10 20 30 40 

TIME M 


Inverter Pulse Response 
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TL/H/7783-4 
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LM143/LM343 


Typical Performance Characteristics (Continued) 
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Application Hints (seeAN-127) 

The LM143 is designed for trouble free operation at any 
supply voltage up to and including the guaranteed maximum 
of ±40V. Input overvoltage protection, both common-mode 
and differential, is 100% tested and guaranteed at the maxi- 
mum supply voltage. Furthermore, all possible high voltage 
destructive modes during supply voltage turn-on have been 
eliminated by design. As with most 1C op amps, however, 
certain precautions should be observed to insure that the 
LM143 remains virtually blow-out proof. 

Although output short circuits to ground or either supply can 
be sustained indefinitely at lower supply voltages, these 
short circuits should be of limited duration when operating at 
higher supply voltages. Units can be destroyed by any com- 
bination of high ambient temperature, high supply voltages, 
and high power dissipation which results in excessive die 
temperature. This is also true when driving low impedance 
or reactive loads or loads that can revert to low impedance; 
for example, the LM143 can drive most general purpose op 
amps outside of the maximum input voltage range, causing 
heavy current to flow and possibly destroying both devices. 
Precautions should be taken to insure that the power sup- 
plies never become reversed in polarity— even under tran- 
sient conditions. With reverse voltage, the 1C will conduct 
excessive current, fusing the internal aluminum intercon- 
nects. Voltage reversal between the power supplies will al- 
most always result in a destroyed unit. 


In high voltage applications which are sensitive to very low 
input currents, special precautions should be exercised. For 
example, with high source resistances, care should be tak- 
en to prevent the magnitude of the PC board leakage cur- 
rents, although quite small, from approaching those of the 
op amp input currents. These leakage currents become 
larger at 1 25°C and are made worse by high supply volt- 
ages. To prevent this, PC boards should be properly 
cleaned and coated to prevent contamination and to pro- 
vide protection from condensed water vapor when operat- 
ing below 0°C. A guard ring is also recommended to signifi- 
cantly reduce leakage currents from the op amp input pins 
to the adjacent high voltage pins in the standard op amp pin 
connection as shown in Figure 1. Figures 2, 3 and 4 show 
how the guard ring is connected for the three most common 
op amp configurations. 

Finally, caution should be exercised in high voltage applica- 
tions as electrical shock hazards are present. Since the 
negative supply is connected to the case, users may inad- 
vertantly contact voltages equal to those across the power 
supplies. 

The LM143 can be used as a plug-in replacement in most 
general purpose op amp applications. The circuits present- 
ed in the following section emphasize those applications 
which take advantage of the unique high voltage abilities of 
the LM143. 
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Application Hints (See AN- 1 27) (Continued) 


NC 

vl/ 


OFFSET NULL O 


/ fcfc 


Bottom View 

FIGURE 1. Printed Circuit Layout for Input 
Guarding with TO-5 Package 



„„ , R1 X R2 „ 

R3 + STTr2“ Rsource 


FIGURE 3. Guarded Non-Inverting Amplifier 
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LM143/LM343 


Typical Applications I (For more detail see AN-127) 

130 Vp. p Drive Across a Floating Load 
ci 



V OUT 


+ 34V Common-Mode Instrumentation Amplifier 


V + = 38V 



*R2 may be adjustable to trim the gain. 

**R7 may be adjusted to compensate for the resistance tolerance of R4-R7 for best CMR. 


tThe 38V supplies allow for a 5% voltage tolerance. All resistors are y 2 watt, except as noted. 


TL/H/7783-9 


TL/H/7783-10 
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Typical Applications I (Continued) (For more detail see AN-127) 
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Typical Applications $ (Continued) (For more detail see AN-127) 

1 Amp Power Amplifier with Short Circuit Protection 

V + = +38V 



TL/H/7783-13 

JThe 38V supplies allow for a 5% voltage tolerance. All resistors are y 2 watt, except as noted. 
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LM144/LM344 


National 
Semiconductor 

LM144/LM344 High Voltage, 
Amplifier 

General Description 

The LM144 is a general purpose high voltage, uncompen- 
sated operational amplifier featuring operation to + 36V, 
complete input overvoltage protection up to the supply volt- 
ages and input currents comparable to those of other super- 
fi op amps. Increased slew rate, together with high com- 
mon-mode and supply rejection, insure excellent perform- 
ance at high supply voltages. Operating characteristics, in 
particular supply current, slew rate and gain, are virtually 
independent of supply voltage and temperature. Further- 
more, due to thermal symmetry on the die, gain is unaffect- 
ed by output loading at high supply voltages. 

With the unique advantages of low input current, high gain, 
and high slew rate, the LM144 can increase accuracy and 
useful frequency range in many existing applications. For 
example, the LM144 is a plug-in replacement for the 
LM101A, as well as other general purpose op amps. 

The LM144 can be compensated with a single capacitor, 
thus giving the user the ability to optimize ac parameters to 
suit the application. For example, in applications such as 
audio power amplifiers, the LM144 with a gain of 10 can 
provide a ± 30V output swing, a slew rate of approximately 
30V/jns, and a 120 kHz full power bandwidth. 


High Slew Rate Operational 


In applications where capacitive loads or cables must be 
driven, the LM144 can be overcompensated for increased 
stability. 

The LM344 is similar to the LM144 for applications in less 
severe supply voltage and temperature environments. 

Features 

■ External compensation provides 

large power bandwidth (Ay ^10) 120 kHz 

■ Wide operating voltage range +4.0V to +36V 

■ Large output voltage swing ±30V 

■ Wide input common-mode range 

■ Input overvoltage protection 

■ Electrical characteristics independent of supply voltage 
and temperature 

Unique Characteristics 


■ Low input bias current 8.0 nA 

■ Low input offset current 1.0 nA 

■ High slew rate (Ay ^ 10) 30V//xs 

■ High voltage gain 100k min 


a Offset voltage null capability 



Typical Application 


Large Power Bandwidth, Current Boosted Audio Line Driver 



TL/H/7784-1 
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Absolute Maximum Ratin9S (These ratings are not concurrent) 






If Military/Aerospace specified devices are required, please contact the 

National 

Semiconductor Sales Office/ 

Distributors for availability and specifications. 








(Note 4) 

LM144 


LM344 






Supply Voltage 

±40V 


±34V 






Power Dissipation (Note 1 ) 

680 mW 


680 mW 






Differential Input Voltage (Note 2) 80V 


68V 






Input Voltage (Note 2) 

±40V 


±34V 






Operating Temperature Range - 55°C to + 1 25°C 

0°C to + 70°C 





Storage T emperature Range - 65°C to + 1 50°C 

— 65°C to + 150°C 





Output Short Circuit Duration 5 seconds 

5 seconds 





Lead T emperature (Soldering, 1 0 sec) 300°C 

ESD rating to be determined. 


300°C 






Electrical Characteristics (Note 3) 








Parameter 

Conditions 

LM144 

LM344 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C 


2.0 

5.0 


2.0 

8.0 

mV 

Input Offset Current 

T a = 25°C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T a = 25°C 


8.0 

20 


8.0 

40 

nA 

Supply Voltage 

Rejection Ratio 

T a = 25°C 


10 

100 


10 

200 

ju iV/V 

Output Voltage Swing 

T a = 25°C, R L ^ 5 kft 

22 

25 


20 

25 


V 

Large Signal Voltage 

T A = 25°C, Vqut = ± 10V, 

100k 

180k 


70k 

180k 


V/V 

Gain 

r l ^ ioo kn 








Common-Mode Rejection 
Ratio 

T a = 25°C 

80 

90 


70 

90 


dB 

Input Voltage Range 

T a = 25°C 

24 

26 


22 

26 


V 

Supply Current 

T a = 25°C 


2.0 

4.0 


2.0 

5.0 

mA 

Short Circuit Current 

T a - 25°C 


20 



20 


mA 

Slew Rate 

T a = 25°C, A v = 1 


2.5 



2.5 


V/jutS 


T a = 25°C, A v = 10, Cl = 3 pF 


30 



30 


V/jLLS 

Power Bandwidth 

T A = 25°C, Vout = 40V p . p , 

R L = 5 kft, THD ^ 1 %, A v = 1 


20k 



20k 


Hz 

Unity Gain Frequency 

T a = 25°C 


1.0M 



1.0M 


Hz 

Input Offset Voltage 

T a = Max 



6.0 



10 

mV 


T a = Min 



6.0 



10 

mV 

Input Offset Current 

T a = Max 


0.8 

4.5 


0.8 

14 

nA 


T a = Min 


1.8 

7.0 


1.8 

14 

nA 

Input Bias Current 

T a = Max 


5.0 

35 


5.0 

55 

nA 


T A = Min 


16 

35 


16 

55 

nA 

Large Signal Voltage Gain 

Rl ^ 100 kft, T a = Max 

50k 

150k 


50k 

150k 


V/V 


Rl ^ 100 kft, T a = Min 

50k 

220k 


50k 

220k 


V/V 

Output Voltage Swing 

Rl ^ 5.0 kft, T a = Max 

22 

26 


20 

26 


V 


Rl ^ 5.0 kft, T a = Min 

22 

25 


20 

25 


V 

Note 1: The maximum junction temperature of the LM144 is 150°C, while that of the LM344 is 100°C. For operating at elevated temperatures, devices in the H08 j 

package must be derated based on a thermal resistance of 1 50°C/W, junction to ambient, or 20°C/W, junction to case. 




Note 2: For supply voltage less than ±40V for the LM144 and less than ±34V for the LM344, the absolute maximum input voltage is equal to the supply voltage. 1 

Note 3: These specifications apply for Vs = ±28V. For the LM144, Ta = max = 

125°C and Ta = min = 

— 55°C. For the LM344, T A = max = 70°C and T A = 

min = 0°C. 









Note 4: Refer to RETS144X for LM144H specifications. 
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VOLTAGE GAIN (dB) COMMON-MODE REJECTION (dB) UNITY GAIN BANDWIDTH (MHz) SLEW RATE (V/*is) 


Typical Performance Characteristics (Continued) 


Voltage Follower Slew Rate 
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LM144/LM344 


Application Hints (seeAisoAN-127) 

The LM144 is designed for trouble-free operation at any 
supply voltage up to a maximum of ±40V. Input overvoltage 
protection, both common-mode and differential, is 100% 
tested and guaranteed at the maximum supply voltage. Fur- 
thermore, all possible high voltage destructive modes during 
supply voltage turn-on have been eliminated by design. As 
with most 1C op amps, however, certain precautions should 
be observed to insure that the LM144 remains virtually 
blow-out proof. 

Although output short circuits to ground or either supply can 
be sustained indefinitely for supply voltages, below ± 1 8V, 
these short circuits should be of limited duration when oper- 
ating at higher supply voltages. Units can be destroyed by 
any combination of high ambient temperature, high supply 
voltages, and high power dissipation which results in exces- 
sive die temperature. This is also true when driving low im- 
pedance or reactive loads or loads that can revert to low 
impedance; for example, the LM144 can drive most general 
purpose op amps outside of their maximum input voltage 
range, causing heavy current to flow and possibly destroy- 
ing both devices. 

Precautions should be taken to insure that the power sup- 
plies never become reversed in polarity — even under tran- 
sient conditions. With reverse voltage, the 1C will conduct 
excessive current, fusing the internal aluminum intercon- 
nects. Voltage reversal between the power supplies will al- 
most always result in a destroyed unit. 

In high voltage applications which are sensitive to very low 
input currents, special precautions should be exercised. 


COMPENSATION 



TL/H/7784-5 

Bottom View 

FIGURE 1. Printed Circuit Layout for 
Input Guarding with TO-5 Package 

R1 R2 



FIGURE 3. Guarded Non-Inverting Amplifier 


For example, with high source resistances, care should be 
taken to prevent the magnitude of the PC board leakage 
currents, although quite small, from approaching those of 
the op amp input currents. These leakage currents become 
larger at 1 25°C and are made worse by high supply volt- 
ages. To prevent this, PC boards should be properly 
cleaned and coated to prevent contamination and to pro- 
vide protection from condensed water vapor when operat- 
ing below 0°C. A guard ring is also recommended to signifi- 
cantly reduce leakage currents from the op amp input pins 
to the adjacent high voltge pins in the standard op amp pin 
connection as shown in Figure 1. Figures 2, 3 and 4 show 
how the guard ring is connected for the three most common 
op amp configurations. 

The minimum values given for the frequency compensation 
capacitor are stable only for source resistances less than 10 
kH, stray capacitances on the summing junction less than 5 
pF and capacitive loads smaller than 1 00 pF. If any of these 
conditions are not met, it becomes necessary to overcom- 
pensate the amplifier with a larger compensation capacitor. 
Alternately, lead capacitors can be used in the feedback 
network to negate the effect of stray capacitance and large 
feedback resistors or an RC network can be added to iso- 
late capacitive loads. See Figures 5, 6 and 7. 

Finally, caution should be exercised in high voltage applica- 
tions as electrical shock hazards are present. Since the 
negative supply is connected to the case, users may inad- 
vertantly contact voltages equal to those across the power 
supplies. 



FIGURE 2. Guarded Voltage Follower 


R1 R2 



FIGURE 4. Guarded inverting Amplifier 
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Application Hints (Continued) 



C c = 27 PF 

TL/H/7784-9 


FIGURE 5. Single Pole Compensation 



FIGURE 7. Compensating For Stray Input Capacitances 
or Large Feedback Resistor 



TL/H/7784-13 

FIGURE 9. Balancing Circuit 


R2 



FIGURE 6. Isolating Large Capacitive Loads 

R3 



Protects output— not 
needed when R4 is used 

TL/H/7784-12 

FIGURE 8. Protecting Against Gross Fault Conditions 

Connection Diagram 


Metal Can Package 

COMPENSATION 



TL/H/7784-14 

Top View 

Pin 4 is connected to case 

Order Number LM144H or LM344H 
See NS Package Number H08C 
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LM144/LM344 




LM144/LM344 


Schematic Diagram 



TL/H/7784-2 
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53 National 


Semiconductor 

LM146/LM246/LM346 Programmable 
Operational Amplifiers 


Quad 


General Description 

The LM146 series of quad op amps consists of four inde- 
pendent, high gain, internally compensated, low power, pro- 
grammable amplifiers. Two external resistors (Rset) allow 
the user to program the gain bandwidth product, slew rate, 
supply current, input bias current, input offset current and 
input noise. For example, the user can trade-off supply cur- 
rent for bandwidth or optimize noise figure for a given 
source resistance. In a similar way, other amplifier charac- 
teristics can be tailored to the application. Except for the 
two programming pins at the end of the package, the 
LM146 pin-out is the same as the LM124 and LM148. 


Features <iset=iohA) 

b Programmable electrical characteristics 
a Battery-powered operation 

b Low supply current 350 juA/amplifier 

a Guaranteed gain bandwidth product 0.8 MHz min 

B Large DC voltage gain 120 dB 

B Low noise voltage 28 nV/VHz 

a Wide power supply range ±1.5V to +22V 

b Class AB output stage-no crossover distortion 
B Ideal pin out for Biquad active filters 
B Input bias currents are temperature compensated 


Connection Diagram (Dual-In-Line Package, Top View) 



TL/H/5654-1 

Order Number LM146J, LM246J, LM346J, 
LM346M or LM346N 

See NS Package Number J16A, M16A or N16A 


PROGRAMMING EQUATIONS 

Total Supply Current = 1.4 mA (Iset/ 10 p-A) 
Gain Bandwidth Product = 1 MHz (Iset / 10 p-A) 
Slew Rate = 0.4/jus (Iset /10 J*A) 

Input Bias Current ~ 50 nA (Iset /10 /*A) 

•set = Current into pin 8, pin 9 (see schematic- 
diagram) 

V + - V“ - 0.6V 


•set = • 


Rset 


Schematic Diagram 



TL/H/5654-2 
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LM 1 46/LM246/LM346 


Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

LM146 LM246 LM346 

Supply Voltage ±22V +18V ±18V 

Differential Input Voltage (Note 1 ) ± 30V ± 30V ± 30V 

CM Input Voltage (Note 1 ) ± 1 5V ± 1 5V ± 1 5V 

Power Dissipation (Note 2) 900 mW 500 mW 500 mW 

Output Short-Circuit Duration (Note 3) Continuous Continuous Continuous 

Operating T emperature Range - 55°C to + 1 25°C - 25°C to + 85°C 0°C to + 70°C 

Maximum Junction Temperature 150°C 110°C 100°C 

Storage T emperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C - 65°C to T 1 50°C 

Lead Temperature (Soldering, 10 seconds) 260°C 260°C 260°C 

Thermal Resistance (0j A ), (Note 2) 

Cavity DIP (J) Pd 900 mW 900 mW 900 mW 

0 jA 100°C/W 100°C/W 100°C/W 

Small Outline (M) 0 jA 11 5°C/W 

Molded DIP (N) Pd 500 mW 

0 jA 90°C/W 

Soldering Information 

Dual-In-Line Package 

Soldering (1 0 seconds) + 260°C +260°C +260°C 

Small Outline Package 

Vapor Phase (60 seconds) +215°C + 215°C +215°C 

Infrared (15 seconds) + 220°C + 220°C +220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 

ESD rating is to be determined. 

DG Electrical Characteristics (v s =±isv, i SE T=ionA,Note4) 

Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

Vcm = 0V, R s ^ 50ft, T A = 25°C 


0.5 

5 


0.5 

6 

mV 

Input Offset Current 

V C M = 0V,T A = 25°C 


2 

20 


2 

100 

nA 

Input Bias Current 

V C M = 0V,T a = 25°C 


50 

100 


50 

250 

nA 

Supply Current (4 Op Amps) 

T a =25°C 


1.4 

2.0 


1.4 

2.5 

mA 

Large Signal Voltage Gain 

r l = io kft, av 0 ut= ± iov, 

T a =25°C 

100 

1000 


50 

1000 


V/mV 

Input CM Range 

T a = 25°C 

±13.5 

±14 


±13.5 

±14 


V 

CM Rejection Ratio 

R s ^10 kft, T a =25°C 

80 

100 


70 

100 


dB 

Power Supply Rejection Ratio 

R s ^10 kft, T a =25°C 

80 

100 


74 

100 


dB 

Output Voltage Swing 

R l ^10 kfl, T a =25°C 

+ 12 

±14 


±12 

±14 


V 

Short-Circuit 

T a = 25°C 

5 

20 

35 

5 

20 

35 

mA 

Gain Bandwidth Product 

T a =25°C 

0.8 

1.2 


0.5 

1.2 


MHz 

Phase Margin 

T a = 25°C 


60 



60 


Deg 

Slew Rate 

T a =25°C 


0.4 



0.4 


V/jas 

Input Noise Voltage 

f=1 kHz, T a = 25°C 


28 



28 


nV/VRz 

Channel Separation 

R l = 1 0 kft, A Vqut = 0 V to 
± 12V, T a = 25°C 


120 



120 


dB 

Input Resistance 

T a =25°C 


1.0 



1.0 


Mft 

Input Capacitance 

T a =25°C 


2.0 



2.0 


PF 

Input Offset Voltage 

Vcm = 0V, R s ^50ft 


0.5 

6 


0.5 

7.5 

mV 

Input Offset Current 

< 

o 

s 

II 

o 

< 


2 

25 


2 

100 

nA 

Input Bias Current 

< 

o 

2 

II 

o 

< 


50 

100 


50 

250 

nA 

Supply Current (4 Op Amps) 



1.7 

2.2 


1.7 

2.5 

mA 

Large Signal Voltage Gain 

R|_= 1 0 kft, A Vqut = ± 10V 

50 

1000 


25 

1000 


V/mV 
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Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input CM Range 


±13.5 

±14 


±13.5 

±14 


V 

CM Rejection Ratio 

Rs^50a 

70 

100 


70 

100 


dB 

Power Supply Rejection Ratio 

Rs^50n 

76 

100 


74 

100 


dB 

Output Voltage Swing 

Rl^IO kfl 

±12 

±14 


±12 

±14 


V 


DC Electrical Characteristics (continued) (v s =±i5v,iset=io^a) 


DC Electrical Characteristic (v s =±i5v,i SET =i j^a) 


Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

Vcm = 0V, R s ^50n, 

T A = 25°C 


0.5 

5 


0.5 

7 

mV 

Input Bias Current 

Vcm = 0V,T a =25°C 


7.5 

20 


7.5 

100 

nA 

Supply Current (4 Op Amps) 

T a = 25°C 


140 

250 


140 

300 

julA 

Gain Bandwidth Product 

T a = 25°C 

80 

100 


50 

100 


kHz 


DC Electrical Characteristics (v s = ±i.sv, i SET =io m) 


Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

Vcm = 0V, R s ^50fl, 

T a = 25°C 


0.5 

5 


0.5 

7 

mV 

Input CM Range 

T a =25°C 

±0.7 



±0.7 



V 

CM Rejection Ratio 

R s ^50a, T a = 25°C 


80 



80 


dB 

Output Voltage Swing 

R L ^10ka,T A = 25°C 

±0.6 



±0.6 



V 


Note 1: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tj^AX. 0jA. and the ambient temperature, 
Ta- The maximum available power dissipation at any temperature is Pd = (TjMAX - Ta)/0jA or the 25°C PdMAX- whichever is less. 

Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted. 

Note 5: Refer to RETS146X for LM146J military specifications. 


Typical Performance Characteristics 




Open Loop Voltage Gain 
vs Iset 


160 
I 140 

I 120 

a 

u 100 
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g 80 
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£ 60 
o 

t 40 
° 20 
0 


. V s = ±15V 
T A = 25°C 


0.1 1.0 10 100 
•SET (mA) 


0.1 1 10 100 
iset (mA) 


1 10 
•set kA) 
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LM146/LM246/LM346 






Typical Performance Characteristics (Continued) 

Gain Bandwidth Product 


Open Loop Voltage Gain 
vs Temperature 
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Power Supply Rejection 
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Voltage Follower Pulse 
Response 


Voltage Follower Transient 
Response 
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T A = 25° C 


50 

0 

-50 










r 



f 








* 


ISET = 10 mA 
V„ = +15V 





5°C 

DO pF - 
Okn 




- c l~ i 

R L = 1 




0 100 200 300 

TIME bis) 


1 2 3 4 5 

TIME (p$) 


Transient Response Test Circuit 


rrv 




*L ^ L 


TL/H/5654-6 


3-439 


LM 1 46/LM246/LM346 




LM 1 46/LM246/LM346 


Application Hints 

Avoid reversing the power supply polarity; the device will 
fail. 

Common-Mode Input Voltage: The negative common- 
mode voltage limit is one diode drop above the negative 
supply voltage. Exceeding this limit on either input will result 
in an output phase reversal. The positive common-mode 
limit is typically IV below the positive supply voltage. No 
output phase reversal will occur if this limit is exceeded by 
either input. 

Output Voltage Swing vs Iset: For a desired output volt- 
age swing the value of the minimum load depends on the 
positive and negative output current capability of the op 
amp. The maximum available positive output current, 
(Icl+). of the device increases with Iset whereas the nega- 
tive output current (Icl-) is independent of Iset- Figure 1 
illustrates the above. 



0 2 4 6 8 10 

•set bA) 

TL/H/5654-7 

FIGURE 1. Output Current Limit vs Iset 


Input Capacitance: The input capacitance, C|n, of the 
LM146 is approximately 2 pF; any stray capacitance, Cg, 
(due to external circuit circuit layout) will add to C|n- When 
resistive or active feedback is applied, an additional pole is 
added to the open loop frequency response of the device. 
For instance with resistive feedback {Figure 2), this pole 
occurs at y 2 7r (R1 ||R2) (Cin + Cs). Make sure that this pole 
occurs at least 2 octaves beyond the expected -3 dB fre- 
quency corner of the closed loop gain of the amplifier; if not, 
place a lead capacitor in the feedback such that the time 
constant of this capacitor and the resistance it parallels is 
equal to the R|(Cs + Cin), where R| is the input resistance 
of the circuit. 



FIGURE 2 


TL/H/5654-9 


Temperature Effect on the GBW: The GBW (gain band- 
width product), of the LM146 is directly proportional to Iset 
and inversely proportional to the absolute temperature. 
When using resistors to set the bias current, Iset. of the 
device, the GBW product will decrease with increasing tem- 
perature. Compensation can be provided by creating an 
Iset current directly proportional to temperature (see typical 
applications). 


Isolation Between Amplifiers: The LM146 die is isother- 
mally layed out such that crosstalk between all 4 amplifiers 
is in excess of -105 dB (DC). Optimum isolation (better 
than - 1 1 0 dB) occurs between amplifiers A and D, B and 
C; that is, if amplifier A dissipates power on its output stage, 
amplifier D is the one which will be affected the least, and 
vice versa. Same argument holds for amplifiers B and C. 
LM146 Typical Performance Summary: The LM146 typi- 
cal behaviour is shown in Figure 3. The device is fully pre- 
dictable. As the set current, Iset. increases, the speed, the 
bias current, and the supply current increase while the noise 
power decreases proportionally and the Vqs remains con- 
stant. The usable GBW range of the op amp is 10 kHz to 
3.5-4 MHz. 



h 


•set <mA) 


I'll H H fl — 


(85)2 


I 

(85)2 


L 


--H) 


(85)2 

18 


TL/H/5654-8 


FIGURE 3. LM146 Typical Characteristics 


Low Power Supply Operation: The quad op amp operates 
down to ± 1 .3V supply. Also, since the internal circuitry is 
biased through programmable current sources, no degrada- 
tion of the device speed will occur. 

Speed vs Power Consumption: LM146 vs LM4250 (single 
programmable). Through Figure 4, we observe that the 
LM146’s power consumption has been optimized for GBW 
products above 200 kHz, whereas the LM4250 will reach a 
GBW of no more than 300 kHz. For GBW products below 
200 kHz, the LM4250 will consume less power. 


I 


1 

a 



SUPPLY CURRENT (uA) 


TL/H/5654-10 

FIGURE 4. LM146 vs LM4250 
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Typical Applications 

Dual Supply or Negative Supply Biasing Single (Positive) Supply Biasing 




Current Source Biasing 
with Temperature Compensation 


Biasing all 4 Amplifiers 
with Single Current Source 



•SET = 


67.7 mV 

Rset 


• The LM334 provides an Iset directly proportional to 
absolute temperature. This cancels the slight GBW product 
Temperature coefficient of the LM346. 



TL/H/5654-11 


<SET1 

>SET2 


R 2 
= R1 


ISET1 + , SET2 = 


67.7 mV 

Rset 


• For Iseti = *SET2 resistors R1 and R2 are not required 
if a slight error between the 2 set currents can be tolerated. 
If not, then use R1 = R2 to create a 100 mV drop across 
these resistors. 
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Active Filters Applications 


Basic (Non-Inverting “State Variable”) Active Filter Building Block 



• The LM146 quad programmable op amp is especially suited for active filters because of their adequate GBW product 
and low power consumption. 

Circuit synthesis equations (for circuit analysis equations, consult with the LM148 data sheet). 

Need to know desired: f 0 = center frequency measured at the BP output 
Q 0 = quality factor measured at the BP output 
H 0 = gain at the output of interest (BP or HP or LP or all of them) 

• Relation between different gains: H Q ( B p) = 0.316 x Q 0 x H 0 (lp>; H 0 (lp) = 10 x H 0 ( H p) 

„ „ 5.033 X 10-2, % 

• R x C (sec) 

'o 

/ 3.478 Q 0 \ 

. For BP output: R 0 - ( MZ19°-Z±°S3 H °< BP > V'; R IN - LtkliEi L 

\ 105 10 5 x 3.748 X Q 0 ) 1 1 


• For HP ouput: Rq = 11 * 105 — ; Rin = 

3.478 Q 0 (1.1 - H o(H P)) - Hq(HP) _L + 10 -5 

RQ 


Note. All resistor values are given in ohms. 


• For LP output: Rq = 


3.478 Q 0 (1 1 — H 0 ( L P)) ~ H o( lp)’ _1_ 


• For BR (notch) output: Use the 4th amplifier of the LM146 to sum the LP and HP outputs of the basic filter. 



» = 0.316-k® 
V R|_ fo 


TL/H/5654-13 

Determine Rp according to the desired gains: H 0 ( B r) =— H 0( lp), H 0 ( B r) =^H 0 (hp) 

>f<<fnotch R L 'f»fnotch R H 

• Where to use amplifier C: Examine the above gain relations and determine the dynamics of the filter. Do not allow slew rate limiting in any output (Vhp, V B p, 

V LP ), that is: 

V|N(peak) <63.66 X 103 X X — (Volts) 

1 U /XA T 0 x n 0 

If necessary, use amplifier C, biased at higher Iset. where you get the largest output swing. 

Deviation from Theoretical Predictions: Due to the finite GBW products of the op amps the f 0 , Q 0 will be slightly different from the theoretical predictions. 

f rea! s — Q rea i =s — 

2f o 3.2 f 0 x Q 0 

GBW GBW 
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Active Filters Applications (Continued) 



TL/H/5654-14 

• If resistive biasing is used to set the LM346 performance, the Q 0 of this filter building block is nearly insensitive to the op amp’s GBW product temperature drift; it 
has also better noise performance than the state variable filter. 

Circuit Synthesis Equations 


0.159 Ro 

H 0 (BP) = Qo H o(l_P); R X C = — — ; Rq = Q 0 X R; R iN = — : 

• For the eventual use of amplifier C, see comments on the previous page. 


R 

h 0 (lp) 


A 3-Amplifier Notch Filter (or Elliptic Filter Building Block) 


Circuit Synthesis Equations 

„ „ 0.159 ^ „ 0.159 Xf 0 

„ x0 _ ;R . =OoXR; 

R C' 

H 0 (BR)I = 7 H o(BR)I = 7 : 

f <<: fnotch f >>f notch ^ 

•For nothing but a notch output: R|n= R, C' = C. 



DVquj (BR) 


TL/H/5654-15 
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Active Filters Applications (Continued) 

Capacitorless Active Filters (Basic Circuit) 



• This is a BP, LP, BR filter. The filter characteristics are created by using the tunable frequency response of the LM346. 


• Limitations: Q 0 < 10, f 0 x Q 0 < 1.5 MHz, output voltage should not exceed Vpeak(out) £ 


63.66 X 1Q3 Iset(^A) (V) 


• Design equations: a = 


R6 + R5 . 


R2 


R3 


R7 


RIO 


> ’ R1 + R2’ R3 + R4’ R8 + R7’ R( + RIO’ 

fo(BR) - f o(BP), ( 1 - g) “ t 0 (BP) (C< < 1) provided that d = H o(BP ) x e, H 0 (B r) = 


to 

f o(BP) = 


lOjmA 


• Advantage: f 0 Q 0 , H 0 can be independently adjusted; that is, the filter is extremely easy to tune. 

• Tuning procedure (ex. BP tuning) 

1 . Pick up a convenient value for b; (b < 1 ) 

2. Adjust Q 0 through R5 

3. Adjust H 0 (bp) through R4 

4. Adjust f 0 through Rset- This adjusts the unity gain frequency (f u ) of the op amp. 

A 4th Order Butterworth Low Pass Capacitorless Filter 



Ex: f c = 20 kHz, H 0 (gain of the filter) = 1 , Q 0 i = 0.541 , Q o2 = 1 .306. 

• Since for this filter the GBW product of all 4 amplifiers has been designed to be the same (~ 1 MHz) only one current source can be used to bias the circuit. Fine 
tuning can be further accomplished through Rt,. 
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For better performance, use a matched NPN pair. 


By pulling the SET pin(s) to V - the op amp(s) shuts down and its output 
goes to a high impedance state. According to this property, the LM346 
can be used as a very low speed analog switch. 


Voice Activated Switch and Amplifier 


v + 



TL/H/5654-18 
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Miscellaneous Applications (Continued) 

XI 0 Micropower Instrumentation Amplifier with Buffered Input Guarding 
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National 

Semiconductor 


LM148/LM149 Series Quad 741 Op Amp 

LM148/LM248/LM348 Quad 741 Op Amps 

LM149/LM249/LM349 Wide Band Decompensated (Av(min) = 5) 


General Description 

The LM148 series is a true quad 741. It consists of four 
independent, high gain, internally compensated, low power 
operational amplifiers which have been designed to provide 
functional characteristics identical to those of the familiar 
741 operational amplifier. In addition the total supply current 
for all four amplifiers is comparable to the supply current of 
a single 741 type op amp. Other features include input off- 
set currents and input bias current which are much less than 
those of a standard 741 . Also, excellent isolation between 
amplifiers has been achieved by independently biasing each 
amplifier and using layout techniques which minimize ther- 
mal coupling. The LM149 series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a gain 
of 5 or greater. 

The LM148 can be used anywhere multiple 741 or 1558 
type amplifiers are being used and in applications where 
amplifier matching or high packing density is required. 


Features 

m 741 op amp operating characteristics 
O Low supply current drain 0.6 mA/Amplifier 

H Class AB output stage — no crossover distortion 
m Pin compatible with the LM124 

m Low input offset voltage 1 mV 

tg Low input offset current 4 nA 

□ Low input bias current 30 nA 

□ Gain bandwidth product 

LM1 48 (unity gain) 1 .0 MHz 

LM149 (A v ^ 5) 4 MHz 

□ High degree of isolation between amplifiers 120 dB 

□ Overload protection for inputs and outputs 


Schematic Diagram 



TL/H/7786-1 
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LM 1 48/ LM 1 49/LM248/LM249/LM348/LM349 


Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 



LM148/LM149 

LM248/LM249 

LM348/LM349 

Supply Voltage 

±22V 

± 18V 

± 18V 

Differential Input Voltage 

+ 44V 

±36V 

+ 36V 

Output Short Circuit Duration (Note 1) 

Continuous 

Continuous 

Continuous 


Power Dissipation (Pd at 25°C) and 
Thermal Resistance (0jA), (Note 2) 


Molded DIP (N) P d 



— 

750 mW 

0jA 

— 

— 

100°C/W 

Cavity DIP (J) P d 

1100 mW 

800 mW 

700 mW 

0JA 

110°C/W 

110°C/W 

110°C/W 

Maximum Junction Temperature (T|max) 

1 50°C 

110°C 

100°C 

Operating Temperature Range 

— 55°C £ T a <; + 1 25°C 

— 25°C £ T a ^ +85°C 

0°C ^ T a ^ +70°l 

Storage Temperature Range 

— 65°C to +150°C 

— 65°C to + 150°C 

— 65°C to 4- 1 50°C 

Lead Temperature (Soldering, 10 sec.) Ceramic 
Lead Temperature (Soldering, 10 sec.) Plastic 

300°C 

300°C 

300°C 

260°C 

Soldering Information 

Dual-In-Line Package 

Soldering (10 seconds) 

260° C 

260°C 

260°C 

Small Outline Package 

Vapor Phase (60 seconds) 

215°C 

215°C 

215°C 

Infrared (15 seconds) 

220°C 

220°C 

220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 

devices. 

ESD tolerance (Note 5) 

500V 

500V 

500V 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM148/LM149 

LM248/LM249 

LM348/LM349 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C, R s ^ 10 kfl 


1.0 

5.0 


1.0 

6.0 


1.0 

6.0 

mV 

Input Offset Current 

T a = 25°C 


4 

25 


4 

50 


4 

50 

nA 

Input Bias Current 

T a = 25° C 


30 

100 


30 

200 


30 

200 

nA 

Input Resistance 

T A = 25°C 

0.8 

2.5 


0.8 

2.5 


0.8 

2.5 


Mfl 

Supply Current All Amplifiers 

T a = 25°C, V s = ± 15V 


2.4 

3.6 


2.4 

4.5 


2.4 

4.5 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 
Vout= ±iov,R L ^2ka 

50 

160 


25 

160 


25 

160 


V/mV 

Amplifier to Amplifier 

T a = 25°C, f = 1 Hz to 20 kHz 











Coupling 

(Input Referred) See Crosstalk 
Test Circuit 


-120 



-120 



-120 


dB 

Small Signal Bandwidth 

LM148 Series 


1.0 



1.0 



1.0 


MHz 


T a = 25°C 












LM149 Series 


4.0 



4.0 



4.0 


MHz 

Phase Margin 

LM1 48 Series (A V = 1) 

T a = 25° C 


60 



60 



60 


degrees 


LM 149 Series (A v = 5) 


60 



60 



60 


degrees 

Slew Rate 

LM148 Series (Ay = 1) 

T a = 25°C 


0.5 


1 

0.5 



0.5 


V/jus 


LM1 49 Series (A v = 5) 


2.0 



2.0 



2.0 


V/jLlS 

Output Short Circuit Current 

T a = 25°C 


25 



25 



25 


mA 

Input Offset Voltage 

Rs ^ 10 kH 



6.0 



7.5 



7.5 

mV 

Input Offset Current 




75 



125 



100 

nA 

Input Bias Current 




325 



500 



400 

nA 
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Electrical Characteristics (Note 3) (continued) 


Parameter 

Conditions 

LM148/LM149 

LM248/LM249 

LM348/LM349 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Large Signal Voltage Gain 

V S = ±15V, Vqut = ±10V, 

R L > 2 kft 

25 



15 



15 



V/mV 

Output Voltage Swing 

V s = ± 15V, R L = 10 kfl 

±12 

±13 


±12 

±13 


±12 

±13 


V 


R L = 2 kH 

±10 

±12 


±10 

±12 


±10 

±12 


V 

Input Voltage Range 

Vs = ±15V 

±12 



±12 



±12 



V 

Common-Mode Rejection 
Ratio 

R s ^ 10 kn 

70 

90 


70 

90 


70 

90 


dB 

Supply Voltage Rejection 

R s ^ 10 kn, ±5V ^ V s ^ ± 15V 

77 

96 


77 

96 


77 

96 


dB 


Note 1: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dicated by TjMAX. 0jA. and the ambient temperature, 
Ta- The maximum available power dissipation at any temperature is Pd = (TjMAX ~ TA)/0jA Of the 25°C PdMAX. whichever is less. 

Note 3: These specifications apply for Vs = ±15V and over the absolute maximum operating temperature range (T|_ ^ Ta £ Th) unless otherwise noted. 
Note 4: Refer to RETS 148X for LM148 military specifications. 

Note 5: Human body model, 1.5 kfl in series with 100 pF. 


Cross Talk Test Circuit 



. *OUT 

1 (1QV PEAK) 


TL/H/7786-6 


Application Hints 

The LM148 series are quad low power 741 op amps. In the 
proliferation of quad op amps, these are the first to offer the 
convenience of familiar, easy to use operating characteris- 
tics of the 741 op amp. In those applications where 741 op 
amps have been employed, the LM148 series op amps can 
be employed directly with no change in circuit performance. 
The LM149 series has the same characteristics as the 
LM148 except it has been decompensated to provide a 
wider bandwidth. As a result the part requires a minimum 
gain of 5. 

The package pin-outs are such that the inverting input of 
each amplifier is adjacent to its output. In addition, the am- 
plifier outputs are located in the corners of the package 
which simplifies PC board layout and minimizes package 
related capacitive coupling between amplifiers. 

The input characteristics of these amplifiers allow differen- 
tial input voltages which can exceed the supply voltages. In 
addition, if either of the input voltages is within the operating 
common-mode range, the phase of the output remains cor- 
rect. If the negative limit of the operating common-mode 
range is exceeded at both inputs, the output voltage will be 
positive. For input voltages which greatly exceed the maxi- 
mum supply voltages, either differentially or common-mode, 
resistors should be placed in series with the inputs to limit 
the current. 

Like the LM741, these amplifiers can easily drive a 100 pF 
capacitive load throughout the entire dynamic output volt- 
age and current range. However, if very large capacitive 
loads must be driven by a non-inverting unity gain amplifier, 
a resistor should be placed between the output (and feed- 



V S = ± 15V 


back connection) and the capacitance to reduce the phase 
shift resulting from the capacitive loading. 

The output current of each amplifier in the package is limit- 
ed. Short circuits from an output to either ground or the 
power supplies will not destroy the unit. However, if multiple 
output shorts occur simultaneously, the time duration should 
be short to prevent the unit from being destroyed as a result 
of excessive power dissipation in the 1C chip. 

As with most amplifiers, care should be taken lead dress, 
component placement and supply decoupling in order to 
ensure stability. For example, resistors from the output to an 
input should be placed with the body close to the input to 
minimize “pickup” and maximize the frequency of the feed- 
back pole which capacitance from the input to ground cre- 
ates. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately six 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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PHASE (DEGREES) 






Typical Performance Characteristics (Continued) 


Small Signal Pulse 
Response (LM148) 



TIME (aii) 


Small Signal Pulse 
Response (LM149) 



TIME M 


Undistorted Output 



FREQUENCY (Hi) 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE <°C) 


Slew Rate 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Inverting Large Signal Pulse 
Response (LM 149) 





— 



— 

V r 

1 — 

-±15V. 
-2k 
* — B 



/ 






Rl 
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Ay 
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"" 1 
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Inverting Large Signal Pulse 
Response (LM148) 





V ° 



V s 

— T— 
= ±15V. 
= 2k 
= -1 



1 



V 


Rl 



t 



5 


Ay 


1 





!v 

•T a 




/ 





3 



□ 


L 








2 

r 











I 
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v. N 


n 

d 





_ 

_L 


— 






0 20 40 60 80 100 120 140 160 180200 
TIME M 


Input Noise Voltage and 
Noise Current 




FREQUENCY (Hz) 


Negative Common-Mode Input 
Voltage Limit 



-5 -10 -15 -20 

NEGATIVE SUPPLY VOLTS (V) 


Positive Common-Mode 
Input Voltage Limit 



5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 

TL/H/7786-4 


TL/H/7786-5 
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Typical Applications — LM148 

One Decade Low Distortion Sinewave Generator 


R4 

1 A A A r 

R5 

■*WV~- "■ 1 H— 

i k D 

R6 


JL^ 

C2 

M+ .. 


f 

— 

— II — X 




ci - 


A1 X 

R1 



1/4 LM14B^" 




+ 


A2X. *" 

r 



1/4 


f = _J k = ™™(± + ± + ±\ r ~ r on 

2ttR 1C1 V ’ R3 Vr DS R4 R5/’ ^ Vqs^ 

fMAX = 5 kHz, THD ^ 0.03% 

R1 = 100k pot. Cl = 0.0047 fiF, C2 = 0.01 /iF, C3 = 0.1 juF, R2 = R6 = R7 = 1M, 

R3 = 5.1k, R4 = 12ft, R5 = 240ft, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche 
diode (ex. LM103), V s = ±15V 

A simpler version with some distortion degradation at high frequencies can be made by using A1 i 
simple inverting amplifier, and by putting back to back zeners in the feedback loop of A3. 

Low Cost Instrumentation Amplifier 



V s = ±15V 

R = R2, trim R2 to boost CMRR 





Typical Applications — LM148 (Continued) 


Low Drift Peak Detector with Bias Current Compensation 



2V+ 


Universal State-Variable Filter 



D(s) = S 2 + ^2 + w 2 TL/H/7786-1 1 

v IN(s) D( S ) Q 

N HP(s) = S 1 2 HohP. NBP(s) = ~q H ° ' BP N LP = &> 0 2 HoLP- 

f EL , _ p.p. ~ +R4[R3 + R4|R0 \ (R6t,\Vz 

0 2ir VR5 Vt1t2’ t| 1 " \ 1 + R6|R5 / \ R5 1 2 / 

1 ( R H V /z u 1 + R6[R5 1 + R4jR3 + R4[R0 

NOTCH - 27T ^ RLti . OHP - 1 + R3 | R0 + R3 | R4 -HoBP - 1 + R gj R0 + R g| R4 

1 1 + R5[R6 

0LP ~ 1 + R3|R0 + R3|R4 
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Typical Applications — LM148 (Continued) 

A 1 kHz 4 Pole Butterworth 



Use general equations, and tune each section separately 
QlstSECTION = 0.541, Q2ndSECTION * 1-306 
The response should have 0 dB peaking 


A 3 Amplifier Bi-Quad Notch Filter 



Necessary condition for notch: — = — — - 
R6 R4R7 

Ex: f N OTCH = 3 kHz, Q = 5, R1 = 270k, R2 = R3 = 20k, R4 = 27k, R5 = 20k, R6 = R8 = 10k, R7 = 100k, Cl = C2 = 0.001 jxF 
Better noise performance than the state-space approach. 
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Typical Applications — LM148 (Continued) 


A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros) 



f c = 1 kHz, f s = 2 kHz, f p = 0.543, f z = 2.14, Q = 0.841, V P = 0.987, f' z = 4.92, Q' = 4.403, normalized to ripple BW 

1_ /R6 1 /l_+_R4[R3_+_R4jR0\ /R6 _ /FT6 1 + R^FTO 

P 2tt V R5 X t’ * Z 2tt V R L ^ t ’ Q V 1 + R6|R5 /VR5’ V R5 1 + R'6|R'5 + R'6|R P 


R P = 


RhRl 
Rh + R|_ 


Use the BP outputs to tune Q, Q', tune the 2 sections separately 

R1 = R2 = 92.6k, R3 = R4 = R5 = 100k, R6 = 10k, R0 = 107.8k, R L = 100k, R H = 155.1k, 

R'l == R'2 = 50.9k, R'4 = R'5 = 100k, R'6 = 10k, R'0 = 5.78k, R' L = 100k, R' H = 248.12k, R'f = 1 00k. All capacitors are 0.001 juF. 


TL/H/7786-14 


Lowpass Response 



100 Ik 10k 100k 


FREQUENCY (Hz) 

TL/H/7786-15 
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Typical Applications — LM149 


Minimum Gain to Insure LM149 Stability 



V 0 « ±5 V 0S 

V|n = 0 

Power BW = 40 kHz 
Small Signal BW = G BW/5 


The LM149 as a Unity Gain Inverter 



Vo 


V, N = 0 


±5 V 0S 


Small Signal BW = G BW/5 


Non-inverting-integrator Bandpass Filter 


R 



For stability purposes: R7 = R6/4, 10R6 = R5, Cq = 10C 


f O = 


1 


ME J_ Rq IRS 

/ R6 X RC ’ R vR6’ 


f O(MAX). QMAX = 20 kHz, 10 

Better Q sensitivity with respect to open loop gain variations than the state variable filter. 
R7, Cc added for compensation 


TL/H/7786-18 
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Typical Applications — LM149 (Continued) 


Active Tone Control with Full Output Swing (No Slew Limiting at 20 kHz) 



TL/H/7786-19 


V S = -15V, VouT(MAX) = 9-1 Vrms. 
f M AX = 20 kHz, THD <: 1% 

Duplicate the above circuit for stereo 
1 , 1 


fH 


1 


■ *hb = ; 


1 


f L = 


2ttR2C1 


. f LB = 


2ttR1C1 


2ttR 5C3 ’ r,D 2 tt(R 1 + 2R7) C3 
Max Bass Gain ss (Ri + R2)/R1 
Max Treble Gain = (RI + 2R7)/R5 
as shown: fL = 32 Hz, = 320 Hz 
f H s 11 kHz, f H B = 1.1 Hz 


Triangular Squarewave Generator 

ci 

O.OOImF 



' ° sv^cim ’ K “ R2/R ' 2 ' 1 ? £ 25V| v+ = v ~' Vs “ ±15V 
Use LM 125 for ±15V supply 

The circuit can be used as a low frequency V/F for process control. 
Q1, Q3: KE4393, Q2, Q4: P1087E, D1-D4 = 1N914 


_n_n_ 


TL/H/7786-20 
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Connection Diagram 


Dual-In-Line Package 

OUT 4 IN 4 IN 4* V- IN 3* IN 3 OUT 3 

1 14 1 13 1 12 in 1 10 (9 Is 


|. |. |3 |4 |, |. |, 

OUT 1 INI INI* V + IN 2* IN 2 OUT 2 


uui 1 irn ini v inz' inz out 2 TL/H/7786-2 

Top View 

Order Number LM148J, LM248J, LM348J, LM149J, LM249J, LM349J, LM348M, LM348N or LM349N 
See NS Package Number J14A, M14A or N14A 
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LM 1 58/LM258/LM358/LM 1 58A/LM258A/LM358A/LM2904 



National 

Semiconductor 


LM 1 58/LM258/LM358, LM158A/LM258A/LM358A, 
LM2904 Low Power Dual Operational Amplifiers 


General Description 

The LM158 series consists of two independent, high gain, 
internally frequency compensated operational amplifiers 
which were designed specifically to operate from a single 
power supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power sup- 
ply current drain is independent of the magnitude of the 
power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which now 
can be more easily implemented in single power supply sys- 
tems. For example, the LM158 series can be directly operat- 
ed off of the standard +5 Vqc power supply voltage which 
is used in digital systems and will easily provide the required 
interface electronics without requiring the additional ±15 
Vpc power supplies. 

Unique Characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a sin- 
gle power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 

Advantages 

■ Eliminates need for dual supplies 

■ Two internally compensated op amps in a single 
package 


■ Allows directly sensing near GND and Vqut also goes 
toGND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

D Pin-out same as LM1558/LM1458 dual operational 
amplifier 

Features 

■ Internally frequency compensated for unity gain 

■ Large dc voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

b Wide power supply range: 

Single supply 3 Vqc to 32 Vpc 

or dual supplies ± 1 .5 Vpc to ± 1 6 Vqc 

b Very low supply current drain (500 jllA) — essentially in- 
dependent of supply voltage 

a Low input biasing current 45 nApc 

(temperature compensated) 

fl Low input offset voltage 2 mVoc 

and offset current 5 nApc 

a Input common-mode voltage range includes ground 

a Differential input voltage range equal to the power sup- 
ply voltage 

B Large output voltage swing 0 Vpc to V+ - 1.5 Vpc 


Connection Diagrams (Top Views) 


Metal Can Package 

v + 



TL/H/7787-1 


Order Number LM158AH, LM158H, LM258AH, 
LM258H, LM358AH or LM358H 
See NS Package Number H08C 



v + 

OUTPUT B 

INVERTING INPUT B 

NONINVERTING 
INPUT B 


TL/H/7787-2 

Order Number LM158J, LM158AJ or LM358J 
See NS Package Number J08A 
Order Number LM358M, LM358AM or LM2904M 
See NS Package Number M08A 
Order Number LM358AN, LM358N or LM2904N 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. 
(Note 9) 



LM158/LM258/LM358 

LM2904 


LM158/LM258/LM358 

LM2904 


LM 1 58A/LM258A/LM358A 

LM 1 58A/LM258A/LM358 A 

Supply Voltage, V+ 

32 Vqq or ± 16 Vpc 

26 Vpc or ± 13 Vpc 

Operating Temperature Range 



Differential Input Voltage 

32 V DC 

26V DC 

LM358 

0°Cto +70°C 

— 40°C to +85°C 

Input Voltage 

- 0.3 Vpc to + 32 Vpc 

- 0.3 Vqc to + 26 Vpc 

LM258 

LM158 

— 25°C to +85°C 

— 55°C to + 125°C 


Power Dissipation (Note 1) 
Molded DIP (LM358N) 

830 mW 

830 mW 

Storage Temperature Range 

— 65°C to + 150°C 

-65°C to +150°C 

Metal Can (LM158H/ 



Lead Temperature, DIP 



LM258H/LM358H) 

550 mW 


(Soldering, 10 seconds) 

260°C 

260°C 

Small Outline Package 

530 mW 

530 mW 

Lead Temperature, Metal Can 



Output Short-Circuit to GND 



(Soldering, 10 seconds) 

300°C 

300°C 

(One Amplifier) (Note 2) 



Soldering Information 



V+ <£ 15 V DC and T A = 25°C 

Continuous 

Continuous 

Dual-In-Line Package 



Input Current (Vim < —0.3 Vnc) 



Soldering (10 seconds) 

260°C 

260°C 

(Note 3) 

50 mA 

50 mA 

Small Outline Package 





Vapor Phase (60 seconds) 

215°C 

215°C 




Infrared (15 seconds) 

220°C 

220°C 




See AN-450 “Surface Mounting 

Methods and Their Effect on Product 


Reliability” for other methods of soldering surface mount devices. 

ESD Tolerance (Note 1 0) 250V 250V 


Electrical Characteristics V+ = + 5.0 Vpc, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 




Input Offset Voltage 

(Note 5), T a = 25°C 

±1 

±2 

±1 

±3 

±2 

±3 

±2 

±5 

±2 

±7 

±2 

±7 

itiVdc 

Input Bias Current 

i IN(+)0 | ' i IN(-). t A = 25°C, 

Vcm = 0V, (Note 6) 

20 

50 

40 

80 

45 

100 

45 

150 

45 

250 

45 

250 

nApc 

Input Offset Current 

l|N(+) - I|N(-).Vcm = ov, T a = 25 °c 

±2 

±10 

±2 

±15 

±5 

±30 

±3 

±30 

±5 

±50 

±5 

±50 

nApc 

Input Common-Mode 
Voltage Range 

V+ = 30 Vp C> (Note 7) 

(LM2904, V+ = 26V), T A = 25°C 

0 

V+-1.5 

0 

V+-1.5 

0 

V+-1.5 

0 

V+-1.5 

0 

V+-1.5 

0 

V+-1.5 

V DC 

Supply Current 

Over Full Temperature Range 
r l = oo on All Op Amps 

V+ = 30V (LM2904 V+ = 26V) 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

mA D Q 


V+ = 5V 

0.5 

1.2 

0.5 

1.2 

0.5 

1.2 

0.5 

1.2 

0.5 

1.2 

0.5 

1.2 

mApc 


fr06zi/\n/v8sewn/v8szi/\n/v8s v i/\n/8S€wn/8S3wn/8s im 


CO 
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Electrical Characteristics (Continued) V + = +5.0 Vqc. Note 4, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Large Signal Voltage 
Gain 

V+ = 15V dc ,T A = 25°C, 
R L ^ 2kn, (For V 0 = 1 V DC 
to 1 1 Vdc) 

50 100 

50 100 

25 100 

50 100 

25 100 

25 100 

V/mV 

Common-Mode 
Rejection Ratio 

DC, T a = 25°C, 

V CM = 0V to V + — 1.5 V DC 

70 85 

70 85 

65 85 

85 85 

65 85 

50 70 

dB 

Power Supply 

Rejection Ratio 

DC.V+ = 5V DC to30V DC 
(LM2904, V + = 5 V DC 
to 26 V DC ), T A = 25°C 

65 100 

65 100 

65 100 

65 100 

65 100 

50 100 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 kHz to 20 kHz, T a = 25°C 
(Input Referred), (Note 8) 

-120 

-120 

-120 

-120 

-120 

-120 

dB 

Output Current 

Source 

V| N + = 1 V DC , 

V|n“ = 0 V DC , 

V+ = 15 V DC , 

Vo = 2 V DC , t a = 25°C 

20 40 

20 40 

20 40 

20 40 

20 40 

20 40 

itiAdc 

Sink 

V|n“ = 1 v DC , V| N + = o V D c 
v+ = 15V D c,T a = 25°C, 

V 0 = 2 V DC 

10 20 

10 20 

10 20 

10 20 

10 20 

10 20 

mAoc 

V|n“ = 1 V D c> 

V| N + = 0 V D c 

T a = 25°C, V 0 = 200 mV D c, 
v+ = 15 v DC 

12 50 

12 50 

12 50 

12 50 

12 50 

12 50 

Mdc 

Short Circuit to Ground 

Ta = 25°C, (Note 2), 

V+ = 15 V DC 

40 60 

40 60 

40 60 

40 60 

40 60 

40 60 

mADC 

Input Offset Voltage 

(Note 5) 

±4 

±4 

±5 

±7 

±9 

±10 

mVoc 

Input Offset Voltage 
Drift 

Rs = on 

7 15 

7 15 

7 20 

7 

7 

7 



l|N( + ) “ l IN(-) 

±30 

±30 

±75 

±100 

±150 

±45 ±200 

nAoc 


Rs = on 

10 200 

10 200 

10 300 

10 

10 

10 

pA D c/°C 


l|N(+)O r hN(-) 

40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nAoc 
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Electrical Characteristics (Continued) V+ = +5.0 Vdc, Note 4, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ Max 

Min 

Typ 

Max 




Input Common-Mode 
Voltage Range 

V+ = 30 V DC , (Note 7) 

(LM2904, V+ = 26 V DC ) 

0 


V+-2 

0 


V+-2 

0 


CM 

1 

+ 

> 

0 


V+-2 

0 

V+-2 

0 


CM 

1 

+ 

> 

Vdc 

Large Signal Voltage 

V+ = +15 V DC 



















Gain 

(Vo = 1 Vqc to 1 1 Vdc) 

R l ^ 2 kfl 

25 



25 



15 



25 



15 


15 



V/mV 

Output Voltage Swing 




















Voh 

v+ = +30V D c.R|_ = 2 k n 

26 



26 



26 



26 



26 


22 



Vdc 


r l ;> io kn 

(LM2904, V+ = 26 Vdc) 

27 

28 


27 

28 


27 

28 


27 

28 


27 

28 

23 

24 


Vdc 

V 0 L 

v+ = 5 Vdc, Rl^ io kn 


5 

20 


5 

20 


5 

20 


5 

20 


5 20 


5 

100 

mVoc 

Output Current 

v 0 = 2 v DC 



















Source 

V| N + = +i v D c, Vin~ = o v D c, 
v+ = 15 v DC 

10 

20 


10 

20 


10 

20 


10 

20 


10 

20 

10 

20 


mAoc 

Sink 

V|N~ = +1V DC , V| N + =0V D C, 
V+ = 15 Vdc 

10 

15 


5 

8 


5 

8 


5 

8 


5 

8 

5 

8 


mAoc 


Note 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a + 125°C maximum junction temperature and a thermal resistance of 120°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a + 150°C maximum junction temperature. The dissipation is the total of both amplifiers— use external resistors, where 
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short cirucits to ground, the maximum output current is approximately 40 mA independent of the magnitude of 
V + . At values of supply voltage in excess of + 1 5 Vdc. continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vdc (at 25°C). 
Note 4: These specifications are limited to — 55°C ^ T A ^ +125°C for the LM158/LM158A. With the LM258/LM258A, all temperature specifications are limited to — 25°C T A £ + 85°C, the LM358/LM358A temperature 
specifications are limited to 0°C ^ T A ^ +70°C, and the LM2904 specifications are limited to -40°C ^ T A £ +85°C. 

Note 5: Vo = 1.4 Vdc. r S = Oft With V+ from 5 Vdc to 30 Vdc; and over the full input common-mode range (0 Vdc to V+ -1.5 V D c) at 25°C. For LM2904, V+ from 5 V D c to 26 V D c- 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the common-mode voltage range is V+ - 1.5V (at 25°C), but either or both 
inputs can go to +32 Vdc without damage (+26 Vdc for LM2904), independent of the magnitude of V+. 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitance increases at higher frequencies. 
Note 9: Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications. 

Note 10: Human body model, 1.5 k ft in series with 100 pF. 
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0.001 0.01 0.1 1 10 100 
l 0 + - OUTPUT SOURCE CURRENT (mA^) 


0.001 0.01 0.1 1 10 100 
l 0 - OUTPUT SINK CURRENT (mA^) 


-55 -35 -15 5 25 45 65 85 105 125 
T a - TEMPERATURE (°C) 
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Typical Performance Characteristics (continued) (LM2902 only) 



0 10 20 30 

V + - SUPPLY VOLTAGE (V„c) 


Voltage Gain 



0 10 20 30 

V + -SUPPLY VOLTAGE (V oc ) 


TL/H/7787-5 


Application Hints 

The LM158 series are op amps which operate with only a 
single power supply voltage, have true-differential inputs, 
and remain in the linear mode with an input common-mode 
voltage of 0 Vdc- These amplifiers operate over a wide 
range of power supply voltage with little change in perform- 
ance characteristics. At 25°C amplifier operation is possible 
down to a minimum supply voltage of 2.3 Vdc- 
Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Large differential input voltages can be easily accomodated 
and, as input differential voltage protection diodes are not 
needed, no large input currents result from large differential 
input voltages. The differential input voltage may be larger 
than V+ without damaging the device. Protection should be 
provided to prevent the input voltages from going negative 
more than -0.3 Vdc (at 25°C). An input clamp diode with a 
resistor to the 1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost tran- 
sistors can be used to extend the power capability of the 
basic amplifiers. The output voltage needs to raise approxi- 
mately 1 diode drop above ground to bias the on-chip verti- 
cal PNP transistor for output current sinking applications. 
For ac applications, where the load is capacitively coupled 
to the output of the amplifier, a resistor should be used, from 
the output of the amplifier to ground to increase the class A 
bias current and prevent crossover distortion. Where the 
load is directly coupled, as in dc applications, there is no 
crossover distortion. 


Capacitive loads which are applied directly to the output of 
the amplifier reduce the loop stability margin. Values of 50 
pF can be accomodated using the worst-case non-inverting 
unity gain connection. Large closed loop gains or resistive 
isolation should be used if larger load capacitance must be 
driven by the amplifier. 

The bias network of the LM158 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of 3 Vdc to 30 Vdc- 
Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive function temperatures. Putting direct short-circuits on 
more than one amplifier at a time will increase the total 1C 
power dissipation to destructive levels, if not properly pro- 
tected with external dissipation limiting resistors in series 
with the output leads of the amplifiers. The larger value of 
output source current which is available at 25°C provides a 
larger output current capability at elevated temperatures 
(see typical performance characteristics) than a standard 1C 
op amp. 

The circuits presented in the section on typical applications 
emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the 
standard op amp circuits can be used. In general, introduc- 
ing a pseudo-ground (a bias voltage reference of V+/2) will 
allow operation above and below this value in single power 
supply systems. Many application circuits are shown which 
take advantage of the wide input common-mode voltage 
range which includes ground. In most cases, input biasing is 
not required and input voltages which range to ground can 
easily be accommodated. 
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Typical Single-Supply Applications (v+ = 5.0 v DC ) 

Non-Inverting DC Gain (OV Input = OV Output) 


*R not needed due to 
temperature independent I in 


DC Summing Amplifier 
(V, N >s ^ 0 V DC and V 0 :> 0 V DC ) 




Power Amplifier 



Where: V 0 ** V-| + V 2 + V 3 + V 4 

(V ! + V 2 ) ^ (V 3 + V 4 ) to keep V 0 > 0 V DC 


“BI-QUAD” RC Active Bandpass Filter 



TL/H/7787-10 
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Typical Single-Supply Applications <v+ = s o v DC ) (continued) 



Pulse Generator 



Low Drift Peak Detector 



TL/H/7787-20 


High Compliance Current Sink Comparator with Hysteresis 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 

Voltage Controlled Oscillator (VCO) 



_n_n_ 


/w 


‘WIDE CONTROL VOLTAGE RANGE: 0 V DC <; V c ^ 2 (V+ -1.5V D c) 


AC Coupled Inverting Amplifier 


Cin R1 

i / 10k 



B ^ R l 

2k S 10k 


Ground Referencing a Differential Input Signal 

I 

I n 4 
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Typical Single-Supply Applications <v+ = 5.0 v DC > (continued) 


High Input Z, DC Differential Amplifier 

R2 



>V 0 


TL/H/7787-29 


As Shown: Vq = 2 (V 2 - Vi) 


Photo Voltaic-Cell Amplifier 


Bridge Current Amplifier 


R. 

1M 


+V REF 




High Input Z Adjustable-Gain 
DC Instrumentation Amplifier 


R1 

100k 



)V 0 


TL/H/7787-31 


V° = 1 + “■ (V 2 - Vl ) 
As shown V 0 = 101 (V 2 - Vi) 
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Typical Single-Supply Applications <v+ = 5.0 v DC > (Continued) 

Using Symmetrical Amplifiers to 
Reduce Input Current (General Concept) 



TL/H/7787-32 

Schematic Diagram (Each Amplifier) 

v + 



TL/H/7787-3 
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National 

Semiconductor 


LM392/LM2924 

Low Power Operational Amplifier/Voltage Comparator 


General Description 

The LM392 series consists of 2 independent building block 
circuits. One is a high gain, internally frequency compensat- 
ed operational amplifier, and the other is a precision voltage 
comparator. Both the operational amplifier and the voltage 
comparator have been specifically designed to operate from 
a single power supply over a wide range of voltages. Both 
circuits have input stages which will common-mode input 
down to ground when operating from a single power supply. 
Operation from split power supplies is also possible and the 
low power supply current is independent of the magnitude 
of the supply voltage. 

Application areas include transducer amplifier with pulse 
shaper, DC gain block with level detector, VCO, as well as 
all conventional operational amplifier or voltage comparator 
circuits. Both circuits can be operated directly from the stan- 
dard 5 Vqc power supply voltage used in digital systems, 
and the output of the comparator will interface directly with 
either TTL or CMOS logic. In addition, the low power drain 
makes the LM392 extremely useful in the design of portable 
equipment. 

Advantages 

■ Eliminates need for dual power supplies 

b An internally compensated op amp and a precision 
comparator in the same package 
n Allows sensing at or near ground 

■ Power drain suitable for battery operation 

■ Pin-out is the same as both the LM358 dual op amp 
and the LM393 dual comparator 


Features 

B Wide power supply voltage range 
Single supply 3Vto32V 

Dual supply ± 1 .5V to ±1 6V 

b Low supply current drain — essentially independent of 
supply voltage 600 juA 

b Low input biasing current 50 nA 

B Low input offset voltage 2 mV 

b Low input offset current 5 nA 

a Input common-mode voltage range includes ground 
b Differential input voltage range equal to the power sup- 
ply voltage 

ADDITIONAL OP AMP FEATURES 

m Internally frequency compensated for unity gain 
b Large DC voltage gain 100 dB 

b Wide bandwidth (unity gain) 1 MHz 

H Large output voltage swing 0VtoV+ - 1.5V 

ADDITIONAL COMPARATOR FEATURES 

b Low output saturation voltage 250 mV at 4 mA 

□ Output voltage compatible with all types of logic sys- 
tems 


Connection Diagram (Top View) 


(Amplifier A = Comparator) 
(Amplifier B = Operational Amplifier) 

Dual-ln-Line Package 



v + 


OUTPUT B 
(OP AMP) 


INVERTING INPUT B 


NON-INVERTING 
INPUT B 


Order Number LM2924J 
See NS Package Number J08A 
Order Number LM392M 
See NS Package Number M08A 
Order Number LM392N or LM2924N 
See NS Package Number N08E 


TL/H/7793-1 
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LM392/LM2924 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, V+ 

Differential Input Voltage 
Input Voltage 

Power Dissipation (Note 1 ) 

Molded DIP (LM392N, LM2924N) 

Small Outline Package 
Output Short-Circuit to Ground (Note 2) 

Input Current (Vin < -0.3 Vqc) (Note 3) 

Operating Temperature Range 
LM392 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

ESD rating to be determined. 

Soldering Information 
Dual-in-Line Package 


Soldering (1 0 seconds) 

260°C 

260°C 

Small Outline Package 



Vapor Phase (60 seconds) 

215°C 

215°C 

Infrared (15 seconds) 

220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering 
surface mount devices. 


Electrical Characteristics (V+ = 5 v DC ; specifications apply to both amplifiers unless otherwise stated) 
(Note 4) 


Parameter 

Conditions 

LM392 

LM2924 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, (Note 5) 


±2 

±5 


±2 

±7 

mV 

Input Bias Current 

IN(+) or IN(— ), T a =25°C, 
(Note 6), V C m = 0V 


50 

250 


50 

250 

nA 

Input Offset Current 

IN( + ) - IN(-),T a = 25°C 


±5 

±50 


±5 

±50 

nA 

Input Common-Mode Voltage 
Range 

V+ = 30 V DC , T a = 25°C, 
(Note 7) (LM2924, 

V+ = 26 V DC ) 

0 


V+-1.5 

0 


V+-1.5 

V 

Supply Current 

R l = oo,V+ = 30V, 
(LM2924, V+ = 26V) 


1 

2 


1 

2 

mA 

Supply Current 

R l = oo, v+ = 5V 


0.5 

1 


0.5 

1 

mA 

Amplifier-to-Amplifier Coupling 

f = 1 kHz to 20 kHz, 

T a = 25°C, Input Referred, 
(Note 8) 




■ 



dB 

Input Offset Voltage 

(Note 5) 



±7 



±7 

mV 

Input Bias Current 

IN( + ) or IN(-) 



400 



500 

nA 

Input Offset Current 

IN( + ) - IN(-) 



150 



200 

nA 

Input Common-Mode Voltage 
Range 

V+ = 30 V DC , (Note 7) 
(LM2924, V+ = 26V dc ) 

0 


V+-2 

0 


V+-2 

V 

Differential Input Voltage 

Keep All Vin’s 0 Vqq 
( or V - , if Used), (Note 9) 



32 



26 

V 

| OP AMP ONLY [ 

Large Signal Voltage Gain 

V+ = 1 5 Vdc» V 0 swing = 

1 Vqc to 1 1 Vdc> 

R l = 2 kH, T a = 25° C 

25 

100 


25 

100 


V/mV 


LM392 

32V or ± 16V 
32V 

-0.3 V to +32V 

820 mW 
530 mW 
Continuous 
50 mA 

0°Cto +70°C 
— 65°C to + 1 50°C 
260°C 


LM2924 

26V or ±13V 
26V 

-0.3 V to +26V 

820 mW 
530 mW 
Continuous 
50 mA 

— 40°C to +85°C 
— 65°C to + 150°C 
260°C 
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Electrical Characteristics (V+ = 5 Vdc; specifications apply to both amplifiers unless otherwise stated) 

(Note 4) (Continued) 

Parameter 

Conditions 

LM392 

LM2924 

Units 

Min | Typ 

Max 

Min 

Typ 

Max 

OP AMP ONLY | 

Output Voltage Swing 

R L = 2 kn, T a = 25°C, 
(LM2924, R L ;> 10kH) 

0 


V+-1.5 

0 


V+-1.5 

V 

Common-Mode Rejection 

Ratio 

DC, T a = 25°C, V C m = 

0 V D c to V+ — 1.5 V DC 

65 

70 


50 

70 


dB 

Power Supply Rejection Ratio 

DC, T a = 25°C 

65 

100 


50 

100 


dB 

Output Current Source 

Vin(+) = 1 V D c. 
v iN(-) = o v dc, 

V+ = 15V DC ,V 0 = 
2V DC .T a = 25°C 

20 

40 


20 

40 


mA 

Output Current Sink 

V IN(-) = 1 V DC- 

Vin(+) = o v D c. 
v+ = 15 V DC , V 0 = 

2 V DC , T a = 25°C 

10 

20 


10 

20 


mA 

v iN(— ) = i Vqc. 

Vin(+> = o v D c. 
v+ = 15 V DC . V 0 = 

200 mV, T a = 25°C 

12 

50 


12 

50 


jllA 

Input Offset Voltage Drift 

Rg — 011 


7 



7 


juV/°C 

Input Offset Current Drift 

Rs = on 


10 



10 


PAdc/°C 

COMPARATOR ONLY | 

Voltage Gain 

R[_^ I5kn,v+ = 15 Vdc. 
T a = 25°C 

50 

200 


25 

100 


V/mV 

Large Signal Response Time 

V|n = TTL Logic Swing, 

Vref = 1-4 V D c 

Vrl = 5 v DC . Rl* 5.1 kn, 

T a = 25° C 


300 


■ 

300 


ns 

Response Time 

Vrl = 5 Vdc. Rl = 5.1 kn, 
T a = 25°C, (Note 10) 


1.3 



1.5 


jjlS 

Output Sink Current 

Vin(— ) = i Vdc. 

Vin(+) = o v D c. 

v 0 ^ 1.5 V D c,T a = 25°C 

6 

16 


6 

16 


mA 

Saturation Voltage 

v iN(— ) ^ i v dc. 

V|N( + ) = o, 

•sink ^ 4 mA, Ta = 25°C 


250 

400 



400 

mV 

V|N( — ) ^ 1 v dc. 

V IN( + ) = 

IsiNK ^ 4 mA 



700 



700 

mV 

Output Leakage Current 

V|N( — ) = 0, 

Vin(+) ^ i v dc. 

V 0 = 5Vdc,T A = 25°C 


0.1 



0.1 


nA 

V|N(-) = 0, 

Vin(+) ^ 1 v D c. 

Vo = 30 Vdc 



1.0 



1.0 

julA 

Note 1: For operating at temperatures above 25°C, the LM392 and the LM2924 must be derated based on a 125°C maximum junction temperature and a thermal 
resistance of 122°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The dissipation is the total of both amplifiers — 
use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output 
current is approximately 40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V+. At values of supply voltage in excess of 15V, 
continuous short circuits can exceed the power dissipation ratings and cause eventual destruction. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP 
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action 
on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the V + voltage level (or to ground for a large overdrive) for the time 
duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns 
to a value greater than -0.3V (at 25°C). 


3-475 


LM392/LM2924 



LM392/LM2924 


Note 4: These specifications apply for V + = 5V, unless otherwise stated. For the LM392, temperature specifications are limited to 0°C ^ Ta ^ +70°C and 
the LM2924 temperature specifications are limited to -40°C ^ Ta ^ +85°C. 

Note 5: At output switch point, Vo = 1.4V, Rg = OH with V+ from 5V to 30V; and over the full input common-mode range (0V to V+ - 1.5V). 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output 
so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V+ - 1.5V, but either or both inputs can go to 32 V without damage (26V for LM2924). 

Note 8: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. This typically 
can be detected as this type of capacitive increases at higher frequencies. 

Note 9: Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common-mode range, 
the comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The input voltage state must not 
be less than -0.3V (or 0.3V below the magnitude of the negative power supply, if used) on either amplifier. 

Note 10: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 

Schematic Diagram 


v+ 



Comparator A 


Amplifier B 


TL/H/7793-2 


Application Hints 

Please refer to the application hints section of the LM193 and the LM158 datasheets. 
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National 

Semiconductor 


LM359 Dual, High Speed, Programmable, 
Current Mode (Norton) Amplifiers 


General Description 

The LM359 consists of two current differencing (Norton) in- 
put amplifiers. Design emphasis has been placed on obtain- 
ing high frequency performance and providing user pro- 
grammable amplifier operating characteristics. Each amplifi- 
er is broadbanded to provide a high gain bandwidth product, 
fast slew rate and stable operation for an inverting closed 
loop gain of 10 or greater. Pins for additional external fre- 
quency compensation are provided. The amplifiers are de- 
signed to operate from a single supply and can accommo- 
date input common-mode voltages greater than the supply. 

Applications 

■ General purpose video amplifiers 

■ High frequency, high Q active filters 
a Photo-diode amplifiers 

b Wide frequency range waveform generation circuits 
fl All LM3900 AC applications work to much higher 
frequencies 


Features 

a User programmable gain bandwidth product, slew rate, 
input bias current, output stage biasing current and total 
device power dissipation 

B High gain bandwidth product (Iset = 0-5 mA) 

400 MHz for A v = 10 to 100 
30 MHz for A v = 1 

B High slew rate (Iset - 0-5 mA) 

60 V//i.s for A v = 10 to 100 
30 V/jas for A v = 1 

B Current differencing inputs allow high common-mode 
input voltages 

a Operates from a single 5V to 22 V supply 

B Large inverting amplifier output swing, 2 mV to 
Vcc - 2V 

B Low spot noise, 6 nVA/Hz, for f > 1 kHz 


Typical Application 


0.5 pF 



• A V = 20 dB 

• -3 dB bandwidth = 2.5 Hz to 25 MHz 

• Differential phase error < 1° at 3.58 MHz 

• Differential gain error < 0.5% at 3.58 MHz 


Connection Diagram 


Dual-In-Line Package 



Order Number LM359J, LM359M or LM359N 
See NS Package Number J14A, M14A or N14A 
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Absolute Maximum Ratings 






If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 22 Vdc 

Input Currents, I|n(+) or I|n( — ) 

Set Currents, Iset(IN) or IsET(OUT) 
Operating Temperature Range 
LM359 

lOmApc 

2 itiAdc 

0°C to +70°C 

Power Dissipation (Note 1) 

J Package 

N Package 

Maximum Tj 

J Package 

N Package 

Thermal Resistance 

or ± 11 V DC 

1 w 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

750 mW 

+ 1 50°C 
+ 1 25°C 

Soldering Information 

Dual-ln-Line Package 

Soldering (10 sec.) 

Small Outline Package 

Vapor Phase (60 sec.) 

Infrared (15 sec.) 


260°C 

215°C 

220°C 

J Package 

0 jA 147°C/W still air 

1 10°C/W with 400 linear feet/min air flow 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

N Package 

0 jA 100°C/W still air 

75°C/W with 400 linear feet/min air flow 

ESD rating to be determined. 



Electrical Characteristics i S et(in> = isekoud = 

0.5 mA, V SU pp|y = “12V, Ta = 25°C unless otherwise noted 

Parameter 

Conditions 

LM359 

Units 

Min 

Typ 

Max 

Open Loop Voltage 

Gain 

Vsupply = 12V, R L = Ik, f = 100 Hz 

T a = 125°C 

62 

72 

68 


dB 

dB 

Bandwidth 

Unity Gain 

RlN = 1 kft, C com p — 10 pF 

15 

30 


MHz 

Gain Bandwidth Product 
Gain of 10 to 100 

Riim = son to 20on 

200 

400 


MHz 

Slew Rate 

Unity Gain 

Gain of 1 0 to 1 00 

Rjjsi = 1 kft, C com p = 10 pF 

R|N < 200ft 


30 

60 


V/jLlS 

V/jLlS 

Amplifier to Amplifier 
Coupling 

f = 100 Hz to 100 kHz, R L = Ik 


-80 


dB 

Mirror Gain 
(Note 2) 

at 2 mA Iin(+). Iset = 5 ju-A, Ta 
at 0.2 mA I|n(+)> Iset = 5 juA 
Over Temp. 

at 20 juA Iin(+)» Iset = 5 juA 
Over Temp. 

= 25°C 

0.9 

0.9 

0.9 

1.0 

1.0 

1.0 

1.1 

1.1 

1.1 

jaA/jaA 

JLtA/jU,A 

/xA/jitA 

AMirror Gain 
(Note 2) 

at 20 juA to 0.2 mA I|n( + ) 

Over Temp, Iset = 5 juA 


3 

5 

% 

Input Bias Current 

Inverting Input, Ta = 25°C 

Over Temp. 


8 

15 

30 

/mA 

jaA 

Input Resistance (J3 re) 

Inverting Input 


2.5 


kft 

Output Resistance 

•out = 15 mA rms, f = 1 MHz 


3.5 



Output Voltage Swing 

Vout High 

v OUT Low 

r l = 60on 

I|n( — ) a nd Iin(+) Grounded 
l, N (-) = 100 ,uA, I,n( + ) = 0 





Output Currents 

Source 

Sink (Linear Region) 

Sink (Overdriven) 

I|n( — ) and I|n( + ) Grounded, Rl = 100ft 
Vcomp— o.5V = Vqut = iv, i, N (+) = o 
l| N (-)= 100 )xA,I| N (+) = 0, 

Vout Force = IV 

16 

1.5 

40 

4.7 

3 


< < < 

E E E 

Supply Current 

Non-Inverting Input 

Grounded, Rl = 00 


18.5 

22 

mA 

Power Supply Rejection 
(Note 3) 

f = 120 Hz, I|n(+) Grounded 

40 

50 


dB 

Note 1: See Maximum Power Dissipation graph. 

Note 2: Mirror gain is the current gain of the current mirror which is used as the non-inverting input, f A| = | j AMirror Gain is the % change in A| for two 

different mirror currents at any given temperature. ' ,N ' ’ 

Note 3: See Supply Rejection graphs. 
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PHASE (°C) 







Typical Performance Characteristics (Continued) 


Supply Current 



0.1 1.0 
SET CURRENT (mA) 



0.01 0.1 l.o 

SET CURRENT (mA) 

Amplifier to Amplifier 
Coupling (Input Referred) 

iiiiiir mill rmTiini 

- T A = 25 ' C 
V+= 5V 

-|SET =0 - 5mA 
_ SOURCE AMP GAIN = -1 
RECEIVE AMP GAIN *-10||| 

* | mi m 



Supply Rejection 


CURRENT SOURCE FOR l SET( | N ) 


RESISTOR TO V + FOR IsET(IN) 


Ta = 25 C 
V + =12V DC + 0.77V rms 
f 0 = 1 kHz 

POSITIVE INPUT AT GND 


0.01 0.1 1.0 
SET CURRENT (mA) 


Output Swing 



Noise Voltage 


100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

Application Hints 

The LM359 consists of two wide bandwidth, decompensat- 
ed current differencing (Norton) amplifiers. Although similar 
in operation to the original LM3900, design emphasis for 
these amplifiers has been placed on obtaining much higher 
frequency performance as illustrated in Figure 1. 

This significant improvement in frequency response is the 
result of using a common-emitter/common-base (cascode) 
gain stage which is typical in many discrete and integrated 
video and RF circuit designs. Another versatile aspect of 
these amplifiers is the ability to externally program many 
internal amplifier parameters to suit the requirements of a 
wide variety of applications in which this type of amplifier 
can be used. 



Supply Rejection 







CURR 

ENT SOU 

RCEFO 

R >SET( 

N) 


z 


z 

ST 

RESIS 

r~ "•* 

TOR TO 

_ 

I 

V + FOR 

r — — 

'SET(II\ 







1 

o 

!5°C 

2V DC + 
IVE INPI 

0.77 V riT 
UT ATG 

NO 

— 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Output Impedance 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



-75 *50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Note: Shaded area refers to LM359J/LM359N 
TL/H/7788-5 



10 100 Ik 10k 100k 1M 10M 100M 1G 
FREQUENCY (Hz) 

FIGURE 1 
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Application Hints (Continued) 


DC BIASING 


The LM359 is intended for single supply voltage operation 
which requires DC biasing of the output. The current mirror 
circuitry which provides the non-inverting input for the ampli- 
fier also facilitates DC biasing the output. The basic opera- 
tion of this current mirror is that the current (both DC and 
AC) flowing into the non-inverting input will force an equal 
amount of current to flow into the inverting input. The mirror 
gain (Aj) specification is the measure of how closely these 
two currents match. For more details see National Applica- 
tion Note AN-72. 

DC biasing of the output is accomplished by establishing a 
reference DC current into the ( + ) input, I|n(+), and requir- 
ing the output to provide the (-) input current. This forces 
the output DC level to be whatever value necessary (within 
the output voltage swing of the amplifier) to provide this DC 
reference current, Figure 2. 

Rf 

•fb 



v 0 (dc) = Vbe(-) + Ifb Rf 

Ifb = Iin(+) A| + y-) 

.... V + - Vbe(+) 

Iin(+) 

rib 

Ib(-) is the inverting input bias current 

FIGURE 2 


TL/H/7788-7 


The DC input voltage at each input is a transistor Vbe 
(= 0.6 Vqc) and must be considered for DC biasing. For 
most applications, the supply voltage, V + , is suitable and 
convenient for establishing I|n(+)- The inverting input bias 
current, lb(~), is a direct function of the programmable input 
stage current (see current programmability section) and to 
obtain predictable output DC biasing set I|n(+) ^ 10lb(~)- 
The following figures illustrate typical biasing schemes for 
AC amplifiers using the LM359: 



FIGURE 3. Biasing an Inverting AC Amplifier 



R f TL/H/7788-9 

Av < AC > =+ ivn- 

V 0(DC) = Vbe(-) + Rf [^ 8E * * + l b(~)] 


FIGURE 4. Biasing a Non-Inverting AC Amplifier 


Rf 



Vo(DC) = Vbe(-) (i + -Jjjj) + W-)Rf 


FIGURE 5. nV B E Biasing 

The nVeE biasing configuration is most useful for low noise 
applications where a reduced input impedance can be ac- 
commodated (see typical applications section). 

OPERATING CURRENT PROGRAMMABILITY (I S et) 

The input bias current, slew rate, gain bandwidth product, 
output drive capability and total device power consumption 
of both amplifiers can be simultaneously controlled and opti- 
mized via the two programming pins IsET(OUT) and IsET(lN)- 
ISET(OUT) 

The output set current (Iset(OUT)) is equal to the amount of 
current sourced from pin 1 and establishes the class A bias- 
ing current for the Darlington emitter follower output stage. 
Using a single resistor from pin 1 to ground, as shown in 
Figure 6, this current is equal to: 
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Application Hints (Continued) 

The output set current can be adjusted to optimize the 
amount of current the output of the amplifier can sink to 
drive load capacitance and for loads connected to V + . The 
maximum output sinking current is approximately 10 times 
!set(OUT)‘ This set current is best used to reduce the total 
device supply current if the amplifiers are not required to 
drive small load impedances. 

■SET(IN) 

The input set current IseT(IN) is equal to the current flowing 
into pin 8. A resistor from pin 8 to V + sets this current to be: 

v + 


v + - Vbe 

SETCN) r SEJ(|N) + 500ft 


TL/H/7788-12 

FIGURE 7. Establishing the Input Set Current 

Iset(IN) « s most significant in controlling the AC characteris- 
tics of the LM359 as it directly sets the total input stage 
current of the amplifiers which determines the maximum 
slew rate, the frequency of the open loop dominant pole, the 
input resistance of the (-) input and the biasing current 
lb( — )• All of these parameters are significant in wide band 
amplifier design. The input stage current is approximately 3 
times Iset(IN) and by using this relationship the following 
first order approximations for these AC parameters are: 

Sr(MAX) = max slew rate a 3 ls£ T(lN) (1° 6 ) (v/fiS) 

^comp 

frequency of s 3 'SET(IN) , H . 

dominant pole 2 tt C CO mp A V OL (0.026V ) [ } 

150 (0.026V) 

input resistance = /3re = — (ft) 

3ISET(IN) 

where C comp is the total capacitance from the compensa- 
tion pin (pin 3 or pin 1 3) to ground, Avol > s the low frequen- 
cy open loop voltage gain in V/V and an ambient tempera- 



ture of 25°C is assumed (KT/q = 26 mV and /3typ = 150). 
'SET(IN) a,so controls the DC input bias current by the ex- 
pression: 


Ib(-) = 


3IsET _ I SET 


P 


50 


for NPN P = 150 


which is important for DC biasing considerations. 


The total device supply current (for both amplifiers) is also a 
direct function of the set currents and can be approximated 
by: 


'supply = 27 X IsET(OUT) + 1 1 X IsET(IN) 
with each set current programmed by individual resistors. 


PROGRAMMING WITH A SINGLE RESISTOR 

Operating current programming may also be accomplished 
using only one resistor by letting Iset(IN) equal IseT(OUT)- 
The programming current is now referred to as Iset and it is 
created by connecting a resistor from pin 1 to pin 8 (Figure 
8 ) • 

lsET = ^E7+T^ whereVBEaa6V 



•SET(IN) = ISET(OUT) = >SET 

FIGURE 8. Single Resistor Programming of Iset 

This configuration does not affect any of the internal set 
current dependent parameters differently than previously 
discussed except the total supply current which is now 
equal to: 

'supply — 37 x Iset 

Care must be taken when using resistors to program the set 
current to prevent significantly increasing the supply voltage 
above the value used to determine the set current. This 
would cause an increase in total supply current due to the 
resulting increase in set current and the maximum device 
power dissipation could be exceeded. The set resistor val- 
ue(s) should be adjusted for the new supply voltage. 
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Application Hints (Continued) 

One method to avoid this is to use an adjustable current 
source which has voltage compliance to generate the set 
current as shown in Figure 9. 


v + 



FIGURE 9. Current Source Programming of Iset 

This circuit allows Iset to remain constant over the entire 
supply voltage range of the LM359 which also improves 
power supply ripple rejection as illustrated in the Typical 
Performance Characteristics. It should be noted, however, 
that the current through the LM334 as shown will change 
linearly with temperature but this can be compensated for 
(see LM334 data sheet). 

Pin 1 must never be shorted to ground or pin 8 never short- 
ed to V + without limiting the current to 2 mA or less to 
prevent catastrophic device failure. 

CONSIDERATIONS FOR HIGH FREQUENCY 
OPERATION 

The LM359 is intended for use in relatively high frequency 
applications and many factors external to the amplifier itself 
must be considered. Minimization of stray capacitances and 
their effect on circuit operation are the primary require- 
ments. The following list contains some general guidelines 
to help accomplish this end: 

1 . Keep the leads of all external components as short as 
possible. 

2. Place components conducting signal current from the 
output of an amplifier away from that amplifier’s non-in- 
verting input. 

3. Use reasonably low value resistances for gain setting and 
biasing. 

4. Use of a ground plane is helpful in providing a shielding 
effect between the inputs and from input to output. Avoid 
using vector boards. 

5. Use a single-point ground and single-point supply distri- 
bution to minimize crosstalk. Always connect the two 
grounds (one from each amplifier) together. 

6. Avoid use of long wires (> 2 ") but if necessary, use 
shielded wire. 

7. Bypass the supply close to the device with a low induc- 
tance, low value capacitor (typically a 0.01 jllF ceramic) to 
create a good high frequency ground. If long supply leads 
are unavoidable, a small resistor (—1011) in series with 
the bypass capacitor may be needed and using shielded 
wire for the supply leads is also recommended. 


COMPENSATION 

The LM359 is internally compensated for stability with 
closed loop inverting gains of 10 or more. For an inverting 
gain of less than 10 and all non-inverting amplifiers (the 
amplifier always has 100% negative current feedback re- 
gardless of the gain in the non-inverting configuration) some 
external frequency compensation is required because the 
stray capacitance to ground from the (-) input and the 
feedback resistor add additional lagging phase within the 
feedback loop. The value of the input capacitance will typi- 
cally be in the range of 6 pF to 10 pF for a reasonably 
constructed circuit board. When using a feedback resist- 
ance of 30 kft or less, the best method of compensation, 
without sacrificing slew rate, is to add a lead capacitor in 
parallel with the feedback resistor with a value on the order 
of 1 pF to 5 pF as shown in Figure 10. 


Cf 



FIGURE 10. Best Method of Compensation 

Another method of compensation is to increase the effec- 
tive value of the internal compensation capacitor by adding 
capacitance from the COMP pin of an amplifier to ground. 
An external 20 pF capacitor will generally compensate for 
all gain settings but will also reduce the gain bandwidth 
product and the slew rate. These same results can also be 
obtained by reducing Iset(IN) if the full capabilities of the 
amplifier are not required. This method is termed over-com- 
pensation. 

Another area of concern from a stability standpoint is that of 
capacitive loading. The amplifier will generally drive capaci- 
tive loads up to 100 pF without oscillation problems. Any 
larger C loads can be isolated from the output as shown in 
Figure 1 1. Over-compensation of the amplifier can also be 
used if the corresponding reduction of the GBW product can 
be afforded. 

Rf 



FIGURE 1 1. Isolating Large Capacitive Loads 
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Application Hints (Continued) 

In most applications using the LM359, the input signal will 
be AC coupled so as not to affect the DC biasing of the 
amplifier. This gives rise to another subtlety of high frequen- 
cy circuits which is the effective series inductance (ESL) of 
the coupling capacitor which creates an increase in the im- 
pedance of the capacitor at high frequencies and can cause 
an unexpected gain reduction. Low ESL capacitors like solid 
tantalum for large values of C and ceramic for smaller val- 
ues are recommended. A parallel combination of the two 
types is even better for gain accuracy over a wide frequency 
range. 

AMPLIFIER DESIGN EXAMPLES 

The ability of the LM359 to provide gain at frequencies high- 
er than most monolithic amplifiers can provide makes it 
most useful as a basic broadband amplification stage. The 
design of standard inverting and non-inverting amplifiers, 
though different than standard op amp design due to the 
current differencing inputs, also entail subtle design differ- 
ences between the two types of amplifiers. These differenc- 
es will be best illustrated by design examples. For these 
examples a practical video amplifier with a passband of 8 
Hz to 10 MHz and a gain of 20 dB will be used. It will be 
assumed that the input will come from a 75fl source and 
proper signal termination will be considered. The supply 
voltage is 12 Vqc and single resistor programming of the 
operating current, Iset> will be used for simplicity. 


AN INVERTING VIDEO AMPLIFIER 

1 . Basic circuit configuration: 

Bf 



2. Determine the required Iset from the characteristic 
curves for gain bandwidth product. 

GBWmin = 10X10 MHz = 100 MHz 
For a flat response to 10 MHz a closed loop response to 
two octaves above 10 MHz (40 MHz) will be sufficient. 
Actual GBW = 10 X 40 MHz = 400 MHz 


Iset required = 0.5 mA 


Rset = 


-2V B e 


•set 


i kn ■- 


10.8V 
0.5 mA 


kn - 20.6 kn 


. Determine maximum value for Rf to provide stable DC 
biasing 


If(MIN) ^ 1 0 X 


3 * SET _ 100 /iA minimum DC 


J3 


feedback current 


Optimum output DC level for maximum symmetrical swing 
without clipping is: 


VoDC(opt) — 


= Vq(MAX) ~ Vq(MIN) 


_ (V + -3Vbe) 


+ v o(MIN) 
2 mV 


v oDC(opt) 


12 


2 

1.8V 


10.2V 


= 5.1 V DC 


Rf(MAX) can now be found: 

= VoDC(opt) ~ v BE(~ 
If(MIN) 


R f(MAX) : 


) 5.1V - 0.6V 


= 45 kn 


100 juA 

This value should not be exceeded for predictable DC 
biasing. 

4. Select R s to be large enough so as not to appreciably 
load the input termination resistance: 

R s ^ 750n Let R s = 750n 

5. Select Rf for appropriate gain: 

Rf. 

R s 

7.5 kn is less than the calculated Rf(MAX) so DC predicta- 
bility is insured. 

6. Since Rf = 7.5k, for the output to be biased to 5.1 Vqc. 
the reference current I|n(+) must be: 

5.1V - Vbe(-) _ 5.1V - 0.6V 

Rf 

Now Rb can be found by: 


A V = 


L so; Rf = 10 R s = 7.5 kn 


l|N( + ) = ' 


7.5 kn 


: 600 juiA 


Rb : 


v - Vbe( + ) _ 12 - 0.6 


= 19 kn 


l| N ( + ) 600 juA 

7. Select Cj to provide the proper gain for the 8 Hz minimum 
input frequency: 

1 1 


Ci^- 


- = 26 ju,F 


2t t R s (flow) 2 t t (750n) (8 Hz) 

A larger value of Cj will allow a flat frequency response 
down to 8 Hz and a 0.01 jaF ceramic capacitor in parallel 
with Cj will maintain high frequency gain accuracy. 

8. Test for peaking of the frequency response and add a 
feedback “lead” capacitor to compensate if necessary. 
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Application Hints (Continued) 

Final Circuit Using Standard 5% 
Tolerance Resistor Values: 

0.5 pF 




1M 10M 100M 

FREQUENCY (Hz) 

TL/H/7788-19 

V 0 (DC) = 5.1V 

Differential phase error < 1° for 3.58 MHz f|N 
Differential gain error < 0.5% for 3.58 MHz f|N 
f— 3 dB low = 2.5 Hz 

A NON-INVERTING VIDEO AMPLIFIER 

For this case several design considerations must be dealt 
with. 

• The output voltage (AC and DC) is strictly a function of 
the size of the feedback resistor and the sum of AC and 
DC “mirror current” flowing into the ( + ) input. 


• The amplifier always has 100% current feedback so ex- 
ternal compensation is required. Add a small (1 pF-5 pF) 
feedback capacitance to leave the amplifier’s open loop 
response and slew rate unaffected. 

• To prevent saturating the mirror stage the total AC and 
DC current flowing into the amplifier’s (+) input should 
be less than 2 mA. 

• The output’s maximum negative swing is one diode 
above ground due to the Vbe diode clamp at the (-) 
input. 

DESIGN EXAMPLE: 

e|N = 50 mV (MAX), f|N = 10 MHz (MAX), desired circuit 

BW = 20 MHz, Av = 20 dB, driving source impedance = 

75 a, V + = 12V. 

1. Basic circuit configuration: 


Cf 



2. Select Iset to provide adequate amplifier bandwidth so 
that the closed loop bandwidth will be determined by Rf 
and Cf. To do this, the set current should program an 
amplifier open loop gain of at least 20 dB at the desired 
closed loop bandwidth of the circuit. For this example, an 
Iset Of 0.5 mA will provide 26 dB of open loop gain at 
20 MHz which will be sufficient. Using single resistor pro- 
gramming for Iset : 

V + — 2 Vrp 

Rset * : — - 1 kft = 20.6 kH 

'SET 

3. Since the closed loop bandwidth will be determined by 

R f andC f (f_ 3dB = i7 iU) 
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Application Hints (Continued) 

to obtain a 20 MHz bandwidth, both Rf and Cf should be 
kept small. It can be assumed that Cf can be in the range 
of 1 pF to 5 pF for carefully constructed circuit boards to 
insure stability and allow a flat frequency response. This 
will limit the value of Rf to be within the range of: 

1 1 
2tt 5pF20MHz ^ f ^ 2 tt 1 pF20MHz 
or 1 .6 kft ^ R f ^ 7.96 k ft 

Also, for a closed loop gain of +10, Rf must be 10 times 
R s + r e where r e is the mirror diode resistance. 

4. So as not to appreciably load the 75 ft input termination 
resistance the value of (R s + r e ) is set to 750ft. 

5. For A v = 10; Rf is set to 7.5 kft. 

6. The optimum output DC level for symmetrical AC swing 
is: 


v oDC(opt) - 


v o(MAX) ~ v o(MIN) 
2 

(12 - 1.8)V - 0.6V 
2 


+ v o(MIN) 


+ 0.6V = 5.4 V DC 


7. The DC feedback current must be: 


. _ VoDC(opt) - Vbe(-) _ 5.4V - 0.6V 

FB R f 7.5k 

= 640 jxA = I|n( + ) 

DC biasing predictability will be insured because 640 julA 
is greater than the minimum of Iset/ 5 or 1 00 ju,A. 


For gain accuracy the total AC and DC mirror current 
should be less than 2 mA. For this example the maximum 
AC mirror current will be; 


— e in P ea k = ±5 ° mV = +66 ,nA 
R s + r e 750ft 

therefore the total mirror current range will be 574 jiA to 
706 juA which will insure gain accuracy. 

8. Rb can now be found: 


R b = 


V+ - V B e( + ) _ 12 - 0.6 


= 17.8 kfl 


l|N( + ) 640 /JiA 

9. Since R s + r e will be 750ft and r e is fixed by the DC 
mirror current to be: 


KT 


26 mV 


: 40ft at 25°C 


ql|N(+) 640 fiA 

R s must be 750ft-40ft or 71 OH which can be a 680ft 
resistor in series with a 30ft resistor which are standard 
5% tolerance resistor values. 


10. As a final design step, C,- must be selected to pass the 
lower passband frequency corner of 8 Hz for this exam- 
ple. 


1 2tt (R s + r e ) flow 2 tt (750ft) (8 Hz) ' r 
A larger value may be used and a 0.01 juF ceramic ca- 
pacitor in parallel with Cj will maintain high frequency 
gain accuracy. 


Final Circuit Using Standard 5% Tolerance Resistor Values 

1 PF 
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Application Hints (Continued) 


Circuit Performance 



1M 10M 100M 

FREQUENCY (Hz) 

TL/H/7788-22 


v o(DC) = 5.4V 

Differential phase error < 0.5° 
Differential gain error < 2% 
f_ 3 dB low = 2.5 Hz 


Typical Applications 


GENERAL PRECAUTIONS 

The LM359 is designed primarily for single supply operation 
but split supplies may be used if the negative supply voltage 
is well regulated as the amplifiers have no negative supply 
rejection. 

The total device power dissipation must always be kept in 
mind when selecting an operating supply voltage, the pro- 
gramming current, Iset. and the load resistance, particularly 
when DC coupling the output to a succeeding stage. To 
prevent damaging the current mirror input diode, the mirror 
current should always be limited to 10 mA, or less, which is 
important if the input is susceptible to high voltage tran- 
sients. The voltage at any of the inputs must not be forced 
more negative than -0.7V without limiting the current to 10 
mA. 

The supply voltage must never be reversed to the device; 
however, plugging the device into a socket backwards 
would then connect the positive supply voltage to the pin 
that has no internal connection (pin 5) which may prevent 
inadvertent device failure 


DC Coupled Inputs 


Inverting 


Non-Inverting 


Rf 



A - R f 

Av(AC) - ^ 

• Eliminates the need for an input coupling capacitor 



a V(AC) = +p 


-r e (+) 


• Input DC level must be stable and can exceed the supply voltage of the LM359 provided that maximum input 
currents are not exceeded. 
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Application Hints (Continued) 

Noise Reduction using nVgE Biasing 


nVgE Biasing with a Negative Supply 





; 22k LM359 


TL/H/7788-26 

• R1 and C2 provide additional filtering of the negative biasing supply 


Typical Input Referred Noise Performance 

32 | 1 1 1 1 1 


Adding a JFET Input Stage 



_ 


















rr 




W 'SET(IN) " * 







nr- 



1 

. 


|7 'SETlINJ U - J | 


JSET(IN) = 005 mA J 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

TL/H/7788-27 



V 0U T 
RsET(OUT) 


• FET input voltage mode op amp 

• For A v = +1; BW = 40 MHz, S r = 60 V/jus; C c = 51 pF 

• For A v = +11; BW = 24 MHz, S r = 130 V/jxs; C c = 5 pF 

• For A v = +100; BW = 4.5 MHz, S r = 150 V/jus; C c = 2 pF 

• Vos is typically <25 mV; 100ft potentiometer allows a Vqs adjust range 
of « ±200 mV 

• Inputs must be DC biased for single supply operation 




Typical Applications (Continued) 


Photo Diode Amplifier 


9VO- 




01 


GN0O 



D1 ~ RCA N-Type Silicon P-l-N Photodiode 

• Frequency response of greater than 10 MHz 

• If slow rise and fall times can be tolerated the gate on the output can be removed. In 
this case the rise and the fall time of the LM359 is 40 ns. 

• t PDL = 45 ns - T PDH - 50 ns - T2|_ output 
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Balanced Line Driver 


v + 



For V 0 1 



R3 

R2 


V + - 2<f> R6 
2 (V + - <{>) ’ R5 


V + - 26 

- — - where <f> « 0.6V 

<P 



• 1 MHz— 3 dB bandwidth with gain of 1 0 and 0 dbm into 600ft 

• 0.3% distortion at full bandwidth; reduced to 0.05% with bandwidth of 10 kHz 

• Will drive C|_ = 1500 pF with no additional compensation, ±0.01 jj,F with C comp = 180 pF 

• 70 dB signal to noise ratio at 0 dbm into 600n, 10 kHz bandwidth 
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Typical Applications (Continued) 


Difference Amplifier 



Ay = — for R1 = R2 

*CMRR is adjusted for max at expected CM input signal 
R5 

R6 = — , for R5 = 100 kn 

• Wide bandwidth 

• 70 dB CMRR typ 

• Wide CM input voltage range 


Voltage Controlled Oscillator 


c 

20 pF 



f V 1N ~ 4> 

0 4 CAV R1 

where: R2 = 2R1 

< p = amplifier input voltage = 0.6V 
AV = DM7414 hysteresis, typ IV 

• 5 MHz operation 

• T 2 L output 


Phase Locked Loop 
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Typical Applications (Continued) 


Squarewave Generator 

R1 

2k 



TL/H/7788-34 

f = 1 MHz 

Output is TTL compatible 

Frequency is adjusted by R1 & C (R1 < R2) 


Pulse Generator 


R1 



Output is TTL compatible 
Duty cycle is adjusted by R1 
Frequency is adjusted by C 


OUL 


f = 1 MHz 
Duty cycle = 20% 
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Crystal Controlled Sinewave Oscillator 


5 pF 



V 0 = 500 mVp-p 
f = 9.1 MHz 
THD < 2.5% 


9.1 MHz 

(FUNDAMENTAL) 
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Typical Applications (Continued) 


High Performance 2 Amplifier Biquad Filter(s) 


c 



TL/H/7788-35 

• The high speed of the LM359 allows the center frequency Q 0 product of the filter to be: 
f 0 X Q 0 <; 5 MHz 

• The above filter(s) maintains performance over wide temperature range 

• One half of LM359 acts as a true non-inverting integrator so only 2 amplifiers (instead 
of 3 or 4) are needed for the biquad filter structure 


DC Biasing Equations for Vqi(dc) = Vq 2 (DC) — V + /2 


Type 1 

2V|N(DC) 1. 1 _ 2 

v + (R i2 ) R Rq Rb ’ 

Type li 

£ + ^- = ^-;R1 =2R 

R Rq Rb 

Type lii 

1 , 1 _ 2 . 1 V|N(DC) j 1 

R Rq R b ’R1 V + (R h ) 2R 


Analysis and Design Equations 


Type 

WBM 

V 0 2 

Ci 

R i2 

Rii 

fo 

Qo 

fz(notch) 

h o(LP) 

H o(BP) 

h o(HP) 

H 0 (BR) 

1 

BP 

LP 

0 

R i2 

oo 

y 2 ttRC 

Rq/R 

— 

R/R-,2 

Rq/Rj2 

— 

— 

li 

HP 

BP 

Ci 

oo 

oo 

y 2 77 -rc 

Rq/R 

— 

— 

R Q Ci/RC 

Cj/C 

— 

III 

Notch/ 

BR 


Ci 

oo 

Rii 

y 2 ttrc 

Rq/R 

y 2 ir VRRiCCi 

— 

— 

— 

Hoi = Cj/C 
|f — > 00 













H 0 | = C/Rj 













|f — ► 0 
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Typical Applications (Continued) 

Triangle Waveform Generator 


c 

250 pF 
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National 

Semiconductor 


LM604A/LM604 4 Channel Mux-Amp 


General Description 

The LM604 Mux-Amp is an op-amp with four selectable dif- 
ferential inputs, combining the functions of a multiplexer 
with an op-amp. The LM604 can select, buffer, and amplify 
one of four different input signals, providing a complete sys- 
tem for multiplexing analog signals. It also has the unique 
Bi-State output which allows two or more Mux-Amps to be 
connected together at their outputs to increase the number 
of multiplexed channels. Channel selection and the Bi-State 
output are controlled by internal logic that interfaces directly 
to a microprocessor. Besides these unique features, the 
LM604 has excellent AC and DC op-amp specifications and 
is internally compensated. 

Applications include signal multiplexing and linear circuits 
that are controlled by digital signals (i.e., programmable gain 
blocks, filters, and other op-amp circuits). 


Features 

■ Multiplexes four differential input channels to a single 
op-amp 

■ Easy to interface to microprocessor, or operates “stand 
alone” 

■ Bi-State output: Operates in two states, Active and Dis- 
abled. When disabled, it becomes a high impedance. 

■ Wide operating voltage range 

single supply 4V to 32V 

split supply ±2V to ±16V 

■ Wide input common mode range V - to V+ - IV 

■ Fast channel to channel switching time 5 jus 

■ Output will drive a 600ft load 


Block Diagram 



TL/H/9131-10 


Order Number LM604AMJ, LM604IJ, LM604IN, LM604ACN, LM604CN, LM604ACM, or LM604CM 
See NS Package Number J18A, N18A or M20B 
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LM604A/LM604 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 36V or ± 1 8V 

Differential Input Voltage ± Supply Voltage 

Input Voltage Range ± Supply Voltage 

Output Short Circuit to Gnd Continuous (Note 1) 

ESD Tolerance (Czap =120 pF, 

RZAP = 1500ft) 2,000V 

Lead Temperature (Soldering, 5 sec.) 300°C 

Storage T emperature Range - 65°C to 1 50°C 

DC Electrical Characteristics v SU pply = 

Operating Ambient 

Temperature Range 

LM604AM - 55°C <: T A <: 1 25°C 

LM604I — 40°C ^ T a ^ 85°C 

LM604AC, LM604C 0°C ^ T A ^ 70°C 

J Pkg. M Pkg. N Pkg. 

Power Dissipation (Note 2) 1 ,600 mW 1 ,500 mW 1 ,900 mW 
TjMAX 150°C 150°C 150°C 

0ja (Typical, 75°C/W 83°C/W 65°C/W 

Board Mounted) 

= ± 15V (Note 3) 

Parameter 

Conditions 

Typical 

LM604AM 

LM604I 

LM604AC 

LM604C 

Units 

(Limit) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Input Offset Voltage 

R s = 1 0 kft LM604 

1.0 



3.0 

5.0 

3.0 

5.0 

mV 

(Vos) 

LM604A 

0.5 

1.0 




1.0 

3.0 

(Max) 




3.0 







Vos Temperature 


5.5 







JLlV/°C 

Drift 










Input Offset Current 


2 

10 


10 

12 

10 

12 

nA 

dos) 



12 






(Max) 

•os Temperature 


10 







pA/°C 

Drift 










Input Bias Current 

LM604 

50 



80 

100 

80 

100 

nA 

Ob) 

LM604A 

30 

50 




50 

60 

(Max) 




60 







Ib Temperature 


55 







pA/°C 

Drift 










Input Common 

Upper Limit 

14.0 

13.5 


13.5 

13.0 

13.5 

13.0 

V 

Mode Voltage 



13.0 






(Min) 

Range 

Lower Limit 

-15.0 

-15.0 


-15.0 

- 15.0 

-15.0 

- 15.0 

V 




- 15.0 






(Max) 

Input Resistance 


1.0 







Meg ft 

Output Voltage 

R[_ = 10 kft Upper Limit 

13.4 

13.0 


13.0 

12.5 

13.0 

12.5 

V 

Swing 



12.5 






(Min) 


Lower Limit 

-14.2 

-13.8 


-13.8 

- 13.3 

-13.8 

- 13.3 

V 




- 13.3 






(Max) 


Rl_ = 600ft Upper Limit 

12.7 

12.3 


12.3 

10.0 

12.3 

10.0 

V 




10.0 






(Min) 


Lower Limit 

-12.6 

-12.2 


-12.2 

- 11.7 

-12.2 

- 11.7 

V 




- 11.7 






(Max) 

Large Signal 

Vqut = ± 10V R L = 2 kft 

200 

50 


50 

25 

50 

25 

V/mV 

Voltage Gain 



25 






(Min) 


R[_ = 600ft 

200 

50 


50 

25 

50 

25 





25 







Common Mode 

Vqm = -15.0V to 13.5V 

100 

80 


80 

70 

80 

70 

dB 

Rejection Ratio 



70 






(Min) j 
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DC Electrical Characteristics v SU pply = ±isv(Note3) 


Parameter 

Conditions 

Typical 

LM604AM 

LM604I 

LM604AC 

LM604C 

Units 

(Limit) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Power Supply 
Rejection Ratio 

VsuPPLY = — 5.0V to ± 16.0V 

100 

80 

70 


80 

70 

80 

70 

dB 

(Min) 

Output Short Circuit 
Current 


±35 

±50 

±60 


±50 

±60 

±50 

±60 

mA 

(Max) 

Output Leakage 
Current 

VoUT = -13.5V to 13.0V 

Bi-State Output Disabled 

4.0 

10.0 

20.0 


10.0 

20.0 

10.0 

20.0 

fiA 

(Max) 

Output Capacitance 

Bi-State Output Disabled 

See Figure 1 

10 







PF 

Supply Current 


7.0 

9.0 

10.0 


9.0 

10.0 

9.0 

10.0 

mA 

(Max) 


AC Electrical Characteristics v SU pp LY = ±isv(Note3) 





LM604AM 

LM604I 

LM604AC 

LM604C 

Units 

(Limit) 

Parameter 

Conditions 

Typical 

Tested 

Design 

Tested 

Design 

Tested 

Design 




Limit 

Limit 

Limit 

Limit 

Limit 

Limit 





(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


Slew Rate 

Ay = 1 , Rl = 2 kft 

3.0 

2.0 


2.0 

1.5 

2.0 

1.5 

V/JUL S 




1.5 






(Min) 

Gain Bandwidth 

f = 100 kHz 

7.0 

6.0 


6.0 

3.0 

6.0 

3.0 

MHz 

Product 



3.0 






(Min) 

Unity Gain 


3.0 


2.5 


2.5 


2.5 

MHz 

Frequency 









(Min) 

Phase Margin 

R l = 2 k ft, C L = 200 pF 

50 







Degrees 

Settling Time to 

A v — — 1 . V 0 UT — -5.0V to 5.0V 

4.0 







jLLS 

0.1 % of Final Value 

R L = 2 k ft 









Channel Switching 

See Figure 2 tswi 

4.0 

5.5 


5.5 

6.5 

5.5 

6.5 

JLlS 

Time 

*SW2 

5.0 

6.5 

6.5 


6.5 


6.5 

(Max) 

Channel to Channel 

R s = lOkft.f = 10 kHz 

100 







dB 

Isolation 

V, N = lO.OVp.p 









Input Noise Voltage 

R s = 100 n, f = 1 kHz 

20 







nV/>/Hz 

Input Noise Current 

f = 1 kHz 

0.3 







PA/a/Hz 

Mux-Amp Enable 

See Figure 3 tew 

3.0 

4.0 


4.0 

5.0 

4.0 

5.0 

JLLS 

Time 

l EN2 

4.0 

5.0 

5.5 


5.5 


5.5 

(Max) 

Mux-Amp Disable 

See Figure 3 

1.0 

2.0 


2.0 

" 1 

3.0 

2.0 

3.0 

jaS 

Time (t D | S ) 



3.0 






(Max) 
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DC Electrical Characteristics v SU pply = 5v<Note3) 


. LM604AC 

LM604AM LM604I , ______ 

LM604C , , IJk 

Units 

Conditions Typical Tested Design Tested Design Tested Design (Limit) 

Limit Limit Limit Limit Limit Limit 

(Note 4) (Note5) (Note 4) (Note 5) (Note 4) (Note 5) 

kft LM604 1.0 3.0 5.0 3.0 5.0 mV 

2.0V LM604A 0.5 1.0 1.0 3.0 (Max) 


Input Common 
Mode 

Voltage Range 

Output Voltage 
Swing 


R s = 1 0 kft LM604 

Vqut = 2.0V LM604A 

1.0 

0.5 

1.0 

3.0 


3.0 

5.0 

Vqut = 2.0V 

3.0 

10 

18 


10 

18 

Vqut = 2.0V LM604 

LM604A 

70 

50 

80 

110 


130 

150 

Vqut = 2.0V Upper Limit 

4.0 

3.5 


3.5 

3.0 


Large Signal 

Voltage 

Gain 

Common Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 


R L = 10 kft 


R L = 600ft 


V 0 UT = 0.8V 
to 2.8V 


V C m = 0V to 3.5V 
VpUT = 2.0V 
V+ = 4.0 V to 5.0V 
V 0 UT = 2.0V 


Upper Limit 3.5 

Lower Limit 0.5 

Upper Limit 3.3 

Lower Limit 0.4 

R L = 2 kft 200 

R l 600ft 200 


3.2 3.2 

3.0 

3.0 


0.7 0.7 

0.8 

0.8 


3.0 3.0 

2.8 

2.8 


0.6 0.6 

0.7 

0.7 


50 

50 

25 

25 

50 

50 

25 

25 



’OUT 

l TEST =±100 M A 


FIGURE 1. Output Capacitance Test 






Digital Input Electrical Characteristics v SU pply = ±i 5 v<Note 6 ) 


Parameter 

Conditions 

Typical 

LM604AM 

LM604I 

LM604AC 

LM604C 

Units 

(Limit) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

VlNHI 



1.8 

2.0 


1.8 

2.0 

1.8 

2.0 

V 

(Min) 

V INLO 



1.0 

0.8 


1.0 

0.8 

1.0 

0.8 

V 

(Max) 

hlMHI 



5.0 

10.0 


5.0 

10.0 

5.0 

10.0 

jxA 

(Max) 

IlNLO 



5.0 

10.0 


5.0 

10.0 

5.0 

10.0 

juA 

(Max) 

Minimum Pulse 
Width for WR&CS 




100 


100 


100 

ns 

(Min) 

Minimum Set-Up 
Time (t s ) 

See Figures 3 and 5 



100 


100 


100 

ns 

(Min) 

Minimum Hold 

Time (t H ) 

See Figures 3 and 5 



50 


50 


50 

ns 

(Min) 

Input Capacitance 


5 







PF 


Note 1: Applies to both single and split supply operation. Continuous short circuit operation can result in exceeding the maximum allowed junction temperature. 
Note 2: When operating at Ta > 25°C, the maximum power dissipation must be derated based on 0 ja- 

Note 3: Unless specified otherwise, all limits are guaranteed for Ta = Tj = 25°C, Vqm = OV, v OUT = ov > and R L > 1 Megfi. Boldface limits apply at 
0°C £ Tj <: 70°C for LM604AC and LM604C, -40°C ^ Tj ^ 85°C for LM604I, and -55°C <: Tj 125°C for LM604AM. 

Note 4: Guaranteed and 100% production tested. 

Note 5: Guaranteed but not 100% production tested. These numbers are not used to calculate outgoing quality levels. 

Note 6: Unless specified otherwise, all units are guaranteed at Ta = Tj = 25°C. Boldface limits apply at the junction temperature extremes specified in note 3. 
Input voltage levels are with respect to digital ground (pin 4) which must be at least 4.0V below V+. 


Switching from Channel 1 
to 2 with Channel Select 
preset to AB before WR = 
0. This test applies to all 
channels. 


4KA 



ANY INPUT 
CHANNEL 


f 


d 


10V 

2KA 



LM604 


TL/H/9131 -8 



FIGURE 2. Channel Switching Time Test 


/ 



and Disable Time Test 
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OUTPUT VOLTAGE SWING (V p _ p ) COMMON MODE REJECTION RATIO (dB) OUTPUT VOLTAGE SWING (V p . p ) INPUT BIAS CURRENT (nA) 


o 

(0 


Typical Performance Characteristics (Note 7) 


< 

rr 

o 

CO 


Input Bias Current vs 
Input Common-Mode Voltage 



-15 -10 -5 0 5 10 15 


Input Bias Current 



-75 -50 -25 0 25 50 75 100 125 150 


1 

I 

Od 

Od 

3 


to 


Supply Current 



0 5 10 15 20 25 


COMMON-MODE VOLTAGE (V) 


TEMPERATURE (°C) 


SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 



o 


Output Voltage Swing 
vs Output Load Resistance 



0.1 1 10 


R l - OUTPUT LOAD (kA) 



SUPPLY VOLTAGE (V) 


Common-Mode Rejection 
Ratio vs Frequency 



Power Supply Rejection 



10 100 IK 10K 100K 1M 10M 


Output Impedance 
vs Frequency 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing vs Frequency 



FREQUENCY (Hz) 


Distortion vs Frequency 


0225 
0200 
^ 0.175 
z 0.150 
| 0.125 
| 0.100 
° 0.075 
0.050 
0.025 

10 100 IK 1 0K 100K 

FREQUENCY (Hz) 


Equivalent Input Noise 



FREQUENCY (Hz) 
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Typical Performance Characteristics (Note 7) 


Equivalent Input Noise 
Current vs Frequency 



Positive Current Limit 



Negative Current Limit 



0 5 10 15 20 25 30 35 40 45 50 


FREQUENCY (Hz) 


OUTPUT SOURCE CURRENT (mA) 


OUTPUT SINK CURRENT (mA) 


Slew Rate vs Temperature 



TEMPERATURE (°C) 


Bode Plot 



Inverter Settling Time 
vs Output Voltage Swing 



Unity Gain Frequency 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Open Loop Voltage Gain 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Note 7: Unless specified otherwise, = Tj = 25°C, Vs = ±15V, Vcm = 0V, Vout - 0V, and Rl > 1 Meg. 
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Connection Diagrams 


18 Pin Dual-ln-Line Package 


20 Pin Small Outline Package 







A 

EN 

” — 

A 

EN 

B 

WR 

- ~ 

B 

WR 

OPEN PIN 

CS 

- - 

OPEN PIN 

CS 

DIGITAL GND 

V" 

- - 

DIGITAL GND 

V" 

V+ 

V 0UT 

- 

V + 

V 0UT 

" CHANNEL 

CHANNEL " 

“ — 

" CHANNEL 

CHANNEL" 

+ 1 

4 + 

— — 

+ 1 

4 + 

" CHANNEL 

CHANNEL “ 

— — 

" CHANNEL 

CHANNEL" 

+ 2 

3 + 

— — 

+ 2 

3 + 



TL/H/9131-25 ““ 

OPEN PIN 

OPEN PIN 


Timing Diagrams 


CS,WR, EN,A, B 


VI O— + > 
CHANNEL 1 AB 

V2 0 

CHANNEL 2 AB 



FIGURE 5. Channel Switching Timing Diagram 


>2 



Functional Description 

INPUT CHANNEL SELECTION 

The LM604 contains four differential input channels that are 
selected one at a time. An input is selected by writing its 
binary code to pins A and B when CS and WR are a logic 0, 
see block diagram. The LM604 always has one of its inputs 
selected. In order to isolate all four channels from the out- 
put, the Bi-State output can be disabled. 

Figure 5 illustrates how the LM604 switches from one chan- 
nel to another. The switching begins on the falling edge of 
WR if A and B are valid before WR is a logic 0, or when A 
and B become valid while WR is a logic 0. In either case, the 
channel switching time (tsw 2 ) remains the same. If a chan- 
nel is to remain selected, its binary code must be valid dur- 
ing the rising edge of WR as specified by ts and tn- 
Channel switching time is specified by tswi and tsw2 as 
shown in Figure 2. tswi is the time it takes the output to first 
reach its new value, and tsw2 is the time it takes the output 
to settle to within 0.1% of its new value. Clearly, t$w2 is a 
more useful parameter for specifying switching time, but it is 
difficult to test on a production basis. Therefore, tswi is 
tested and this allows tsw2 to be guaranteed. Channel 
switching time will vary as a function of how far the output 
swings to reach its new value. This is shown in Figure 6 
where tsw2 is plotted as a function of output voltage swing 
(AVout)- 



0 123456789 10 


*SW2 (A s ) 

TL/H/9131-12 

A^out = Vout (Selected Channel) - Vout (Previous Channel) 

FIGURE 6. tgw2 vs a^out 
BI-STATE OUTPUT 

The Bi-State output can be either enabled (on) or disabled 
(off). When disabled, the output becomes a high impedance 
load that can be driven by another output stage. This allows 
several Mux-Amps to be connected together at their outputs 
by having only one output enabled at one time. Thus, sever- 
al Mux-Amps can be in parallel to the same output to in- 
crease the number of multiplexed channels. The Bi-State 
output is controlled by EN when CS and WR are a logic 0, 
see block diagram. 

When the output is disabled and driven by another output, it 
behaves like a small capacitive load with a few microamps 
of leakage current. The data sheet specifies this with the 


parameters “Output Capacitance” and “Output Leakage 
Current”. Both parameters vary with temperature, as shown 
in Figure 7. 



-75 -50-25 0 25 50 75 100 125 150 



-75-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 

TL/H/9131-14 

FIGURE 7. Ileakage and Cout vs Temperature 

Figure 8 illustrates switching between two Mux-Amps that 
are connected in parallel to the same output. Switching be- 
gins on the falling edge of WR if the EN signals are correctly 
set before WR is a logic 0, or when the EN signals become 
valid while WR is a logic 0. The Bi-State output takes less 
time to become disabled than it does to become enabled, 
and this insures the outputs are switched in a “break before 
make” method. If an in output is to remain enabled or dis- 
abled after WR becomes a logic 1, EN must be valid during 
the rising edge of WR as specified by ts and tn- Note that 
when a Mux-Amp has its output enabled, the binary code for 
the selected input channel must also be written. 

Bi-State output enable time (t^Ni and *EN2) and disable time 
(tpis) are defined in Figure 3. t£Nl is the time it takes the 
output to first reach its enabled value (Ven). and t£N2 is the 
time it takes the output to settle to within 0.1 % of Ven- As 
with channel switching time, t£Ni is a tested parameter that 
allows t£N2 to be guaranteed, tpis is the time it takes the 
output to become a high impedance. Output enable time will 
vary according to how far the output swings from Vqis to 
Ven. and this is plotted in Figure 9. 
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Functional Description (Continued) 




FIGURE 8. Timing Diagram for Switching Bi-State Outputs 


TL/H/9131-15 
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AVout = V E n ~ V D1S 

FIGURE 9. t^N2 vs AVqut 


DIGITAL CONTROL 

As mentioned in the previous sections, the input channels 
and Bi-State output are controlled by logic levels on pins A, 
B, and EN. There are two ways to apply logic levels to these 
pins. 1) Hardwire WR and CS directly to digital ground so 
that the LM604 operates in a “stand alone” mode. This 
allows input logic levels to directly control the LM604. 2) 
Write digital signals to A, B, and EN as shown in the timing 
diagrams of Figures 5 and 8. This method is used when the 
LM604 interfaces to a microprocessor. Note that CS and 
WR can occur simultaneously, so set-up and hold times are 
not required for CS. Also, notice that WR must remain a 
logic 1 during the hold time period. 

Input logic levels are referenced to a 1 .4V threshold voltage, 
making the LM604 compatible with TTL and CMOS logic. 
This threshold voltage is referenced to digital ground. The 
voltage level of digital ground can be as low as V” (pin 15) 
and as high as 4V below V+ (pin 5). 
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Application Hints 

USING MULTIPLE FEEDBACK LOOPS 

Each input channel of the LM604 is used as a single op- 
amp with its own feedback loop. Two examples of this are 
circuits with multiple inverting gain channels and non-invert- 
ing gain channels {Figure 10). These circuits have multiple 
feedback loops connected to the same output with one 
feedback loop connected to a selected channel and the 
others connected to “off” channels. The feedback loop of 
the selected channel determines the gain of these circuits. 
The off channel feedback loops affect these circuits in two 
ways. 1) They create an additional load at the output. 2) 
Feedback loops for inverting gain channels provide feed- 
through paths from the inputs of the off channels to the 
output. 

In Figure 10, the loading affect of multiple feedback loops is 
given in terms of current flowing through the feedback loops 
(Ip). In circuits with non-inverting gain channels, Ip is a func- 
tion of Vqut and the resistance of the feedback loops. In 
circuits with inverting gain channels, Ip is different for each 
channel selected because it is also a function of the off 
channel input voltages. This additional loading must be ac- 
counted for when designing Mux-Amp circuits. Otherwise, 
the output load resistance will be less than anticipated. 


Figure 11 illustrates feedthrough in an off inverting gain 
channel. Feedthrough occurs because the feedback resis- 
tors and the Mux-Amp output impedance (r 0 ) form a voltage 
divider. This divider allows a portion of the off channel’s 
input signal to appear at the output. The amount of signal 
that feeds through depends on the ratio of output imped- 
ance to feedback loop resistance. Output impedance varies 
according to Mux-Amp gain (gain of the selected channel) 
and the frequency of the feedthrough signal. This variation 
must be considered when calculating feedthrough, and it is 
plotted in the “Typical Device Characteristics” section. 

R2 



FIGURE 11. Inverting Gain Channel Feedthrough 
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Multiple Non-Inverting Gain Channels 
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Multiple Inverting Gain Channels 


FIGURE 10. Circuits Using Multiple Inverting and Non-Inverting Gain Channels 



3-505 


LM604A/LM604 




LM604A/LM604 


Application Hints (Continued) 

INPUT CHARGE INJECTION 

When the Mux-Amp switches channels, charge is injected 
from the inputs of the selected and previous channels, see 
Figure 12. This causes a positive error voltage at the input 
of the selected channel and a negative voltage at the previ- 
ous channel. The amplitude of this error voltage equals 
Qinj/C|n, where Cin is the total capacitance at the input 
and Qinj is the charge injected. As plotted in Figure 13, 
Qinj increases proportionally with the difference in voltage 
between a channel’s input common mode voltage and the 
negative supply. The RC time constant of Cin times resist- 
ance seen from the input will determine how long the error 
voltage remains at the input. 





°INJ 


q inj 


PREVIOUS 

CHANNEL 


TL/H/9131-20 

FIGURE 12. Error Voltage From Input Charge Injection 
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q inj(p c ) 

TL/H/9131-21 

FIGURE 13. Q, N j vs V CM ~ V” 

MAXIMUM OUTPUT LOAD CONDITIONS 

The Mux-Amp is guaranteed to drive a 60011 load as speci- 
fied over its entire operating range. Reducing the load re- 
sistance below this value may cause the output to current 


limit. It may also cause the junction temperature limit to be 
exceeded when operating the part near its maximum ambi- 
ent temperature. 

The Mux-Amp is unconditionally stable with as much as 
500 pF connected from the output to ground. If the output is 
required to drive a larger capacitive load, the Mux-Amp may 
need to operate with at least a gain of 1 0. Otherwise, it may 
become unstable when sinking current. 

DIGITAL FEEDTHROUGH 

When interfacing the Mux-Amp to a microprocessor, pins A, 
B, EN, and WR are connected to an address bus where high 
frequency digital signals are present. The fast edges of 
these signals can propagate into the Mux-Amp’s analog sig- 
nal path, causing fast transients to appear at the output. To 
avoid this problem, the following precautions should be tak- 
en. 

1) Analog and digital ground must be kept separate. They 
can only be connected together back at the power supply or 
supply bus. 

2) Bypass capacitors should have low inductance to prevent 
noise spikes on the voltage supply pins. A ceramic disc ca- 
pacitor of 0.1 jwF is usually sufficient. 

3) All lead lengths should be kept short to prevent them 
from picking up digital signals. 

By using these rules, digital signals can be attenuated at the 
input channels by typically 100 dB. 

Lab measurements have shown a minimum digital feed- 
through signal of 2 mV occurs at the output even when the 
best layout precautions are taken. This is fine for many ap- 
plications, but to completely eliminate digital feedthrough, 
any signals coming directly from the bus must be sent to the 
Mux-Amp via a Tri-State buffer, see Figure 14. This isolates 
the Mux-Amp’s digital pins from the address bus to prevent 
pin to pin feedthrough. CS can be used to enable the Tri- 
State buffers when signals are sent to the Mux-Amp from 
the address bus. 


SYSTEM 

WR 



TL/H/9131-22 

FIGURE 14. Isolating Mux-Amp from Address 
Bus by Using a Tri-State Buffer 
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National 
Semiconductor 

LM607/LM607A/LM607B 
Precision Operational Amplifier 

General Description 

The LM607 series of precision operational amplifiers are 
trimmed at wafer sort to extremely low values of offset volt- 
age. Advanced circuit design and testing techniques allow 
guaranteed drift specifications as low as 0.3 juV/°C with off- 
sets as low as 25 jaV. 

Other input parameters are equally impressive. The typical 
open loop voltage gain of 5 Million yields extremely low er- 
ror in high-gain applications. CMRR and PSRR are typically 
140 dB. 

Using Super-Beta transistors in the front end enables the 
LM607 to operate at high input stage current while maintain- 
ing low values of input bias current (1 nA typ.) This gives the 

part its low input voltage noise: 6.5 nV/VRz. 

High operating currents also help give the LM607 its high 
gain-bandwidth product of 1.8 MHz and slew rate of 
0.7V/ jas. Despite its higher speed, the LM607 draws less 
supply current than OP-07 and OP-77 types: only 1 mA at 
± 1 5V supplies. 


Features 



■ Low Vos 

LM607A: 

25 jliV max 

■ Low drift 

LM607A: 

0.3 jmV/°C max 

■ Drift 100% tested: A and 

B grades 

■ High gain 

LM607A: 

5 million min 

a High CMRR 

LM607A: 

124 dB min 

■ High PSRR 

LM607A: 

120 dB min 

■ Low noise 


6.5 nVA/Hz @ 1 kHz 



7.2 nVA/Hz @ 10 Hz 

■ High speed 


1.8 MHz gain-bandwidth 



0.7V/ jas slew rate 

■ Low supply current 

1 mA 

■ Wide input common mode 

range ± 13.5V 

■ Wide supply range 

±3V to ±18V 

■ Overcompensation 

Allows driving high C|_ 



Connection Diagrams 


Cerdip and Molded DIP TO-99 Metal Package 



TL/H/8787-11 

Top View 


Orderim 

g Information 

Package 

Temperature Range 

NSC 

Military 

Commercial 

Drawing 

TO-99 

LM607AMH 

LM607BMH 

LM607ACH 

LM607BCH 

LM607CH 

H08C 

8-Pin 

Cerdip 

LM607AMJ 

LM607BMJ 

LM607ACJ 

LM607BCJ 

LM607CJ 

J08A 

8-Pin 

Molded 

DIP 


LM607ACN 

LM607BCN 

LM607CN 

N08E 
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Absolute Maximum Ratings (Notei) 

If Military /Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) 260°C 

please contact the National Semiconductor Sales ESD Tolerance 

Office/Distributors for availability and specifications. q zap = 100 pF 2000V 

Differential Input Overdrive Current (Note 7) ±25 mA Rzap = 1.5 kft 

Supply Voltage 44V . , 

Input Voltage Supply Voltage Operating Rating 

Output Short Circuit to Gnd Continuous Temperature Range (Note 9) 

n rv • *■ m cnn ... LM607AM/LM607BM - 55°C <; Tj <; + 1 25°C 

Power Dissipation (Note 9) 500 mW LM607C/LM607AC/LM607BC 0"C £ Tj <; + 70°C 

Maximum Junction Temperture 1 50°C 

Storage T emperature Range - 65°C to 1 50°C 

Electrical Characteristics All limits guaranteed for Tj = 25°C, Vcm = o, V 0 = 0 , and ± 15V supplies unless 
otherwise specified. Boldface limits apply at operating temperature extremes. 

Parameter 

Conditions 

Typ 

LM607AM 

LM607BM 

Units 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Input Offset Voltage 

(Note 2) 

15 

25 


60 


ju,V 




80 


120 


Max 

Input Offset 

(Note 3) 

0.2 

0.3 


0.6 


julV/°C 

Voltage Drift 







Max 

Input Offset Voltage 

(Note 4) 

0.2 





jiiV/mo 

Long Term Stability 







Max 

Input Bias Current 


1 

2 


3 


nA 




4 


6 


Max 

Input Offset Current 


0.5 

2 


2.8 


nA 




4 


5.6 


Max 

Input Noise Voltage 

0.1 to 10 Hz 

0.2 


0.5 


0.5 

/xV p-p 








Max 

Input Noise 

f = 10 Hz 

7.2 

18 


18 


n\/ /./U-7 

Voltage Density 

f = 100 Hz 

6.6 


10 


10 



f = 1 kHz 

6.5 

8 


8 



Input Noise Current 

0.1 to 10 Hz 

14 





pA p-p 








Max 

Input Noise 

f = 10 Hz 

0.32 






Current Density 

f = 100 Hz 

0.14 







f = 1 kHz 

0.12 






Input Resistance 

Differential Mode 

2 





Mfl 


Common Mode 

100 





Gft 

Input Voltage Range 


±13.5 

±13 


±13 


V 




±12.5 


±12.5 


Min 

Common-Mode 

V CM = ± 13V 

140 

124 


116 


dB 

Rejection Ratio 

v C m = ± 12.5 V 


120 


112 


Min 

Power Supply 

V s = ±3V to ± 18V 

140 

120 


114 


dB 

Rejection Ratio 

(Note 8) 


117 


112 


Min 

Large-Signal 

V 0 = ±10V 







Voltage Gain 

R L ^ 2 kH 

10000 

5000 


2000 


V/mV 




2000 


1500 


Min 


R L ^ 1 kn 

5000 

1500 


1000 
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Electrical Characteristics (continued) 

Parameter 

Conditions 

Typ 

LM607AM 

LM607BM 

Units 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Output Voltage 

Swing 

R l ^ 2 kn 

R l ^ 1 kil 

±13.8 

±13 

± 12.5 

±12.5 


±13 

± 12,5 

±12.5 


V 

Min 

Slew Rate 


0.7 


0.4 


0.4 

V/juiS 

Min 

Gain-Bandwidth 

Product 

f = 100 kHz 

1.8 


1.0 


1.0 

MHz 

Min 

Open-Loop 

Output Resistance 


50 





n 

Supply Current 


1 

1.5 

2.0 


1.5 

2.0 


mA 

Max 

Offset Adjust Range 


1.5 





mV 

Electrical Characteristics All limits guaranteed for Tj = 25°C, Vcm = 0, Vq = 0, and ± 15V supplies unless 
otherwise specified. Boldface limits apply at operating temperature extremes. 

Parameter 

Conditions 

Typ 

LM607AC 

LM607BC 

LM607C 

Units 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Input Offset Voltage 

(Note 2) 

15 

25 

40 


60 

90 


150 

250 

j*V 

Max 

Input Offset 

Voltage Drift 

(Note 3) 

0.2 

0.3 


0.6 



2.5 

juV/°C 

Max 

Input Offset Voltage 
Long Term Stability 

(Note 4) 

0.2 







jaV/mo 

Max 

Input Bias Current 


1 

2 

4 

3 

6 

10 

14 

nA 

Max 

Input Offset Current 


0.5 

2 

4 

2.8 

5.6 

6 

10 

nA 

Max 

Input Noise Voltage 

0.1 to 10 Hz 

0.2 


0.5 


0.5 


0.5 

/xV p-p 
Max 

Input Voltage 

Noise Density 

f = 10 Hz 
f = 100 Hz 
f = 1 kHz 

7.2 

6.6 

6.5 

18 

8 

10 

18 

8 

10 

20 

11.5 

13.5 

nV/VRz 

Max 

Input Noise Current 

0.1 to 10 Hz 

14 







pAp-p 

Max 

Input Noise 

Current Density 

f = 10 Hz 
f = 100 Hz 
f = 1 kHz 

0.32 

0.14 

0.12 







pA/VHz 

Max 

Input Resistance 

Differential Mode 
Common Mode 

2 

100 







M n 

Gfl 

Input Voltage 

Range 


±13.5 

±13 

± 12.5 

±13 

± 12.5 

±13 

± 12.5 

V 

Min 

Common-Mode 
Rejection Ratio 

V CM = ±13V 

V CM = ± 12.5 V 

140 

124 

120 

116 

112 

110 

108 

dB 

Min 

Power Supply 
Rejection Ratio 

V s = ±3V to ± 18V 
(Note 8) 

140 

120 

117 

114 

112 

110 

108 

dB 

Min 
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Electrical Characteristics (Continued) 


Parameter 

Conditions 

Typ 

LM607AC 

LM607BC 

LM607C 

Units 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Large-Signal 

Voltage Gain 

V 0 = ± 10V 
R l ^ 2 kfl 

R l ^ 1 ka 

10000 

5000 

5000 

1500 

2000 

2000 

1000 

1500 

1500 

1000 

lOOO 

V/mV 

Min 

Output Voltage 
Swing 

R L ^ 2 kn 
r l ^ i k a 

±13.8 

±13 

±12.5 

±12.5 

±13 

±12.5 

±12.5 

±12.5 

±12 

±12 

V 

Min 

Slew Rate 


0.7 


0.4 


0.4 


0.4 

V/jLtS 

Min 

Gain-Bandwidth 

Product 

f = 100 kHz 

1.8 


1.0 


1.0 


1.0 

MHz 

Min 

Open-Loop 

Output Resistance 


50 







n 

Supply Current 


1 

1.5 

2.0 

1.5 

2.0 

1.8 

2.2 

mA 

Max 

Offset Adjust 

Range 


1.5 







mV 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 


Note 2: Input offset voltage for A and B grades is tested and guaranteed with the device fully warmed up. See Figure 1 in the Application Hints for test circuit. 
Warmup drift is typically 3 /xV settling out in 5 minutes. The LM607C offset voltage is measured by automated test equipment within 200 ms of applying power. 
Note 3: Input offset voltage drift is defined as [Vos(70°C) - Vos( - '5°C)]/75°C for the commercial temperature range. For the military temperature range, the input 
offset voltage drift is measured from room temperature to both extremes: both [Vos(25°C) - Vos( -55O C)] /80 °C and [Vos025°C) - Vos(25°C)]/100°C. 

Note 4: Input offset voltage long term stability refers to the average trend line of Vos vs - time over extended periods of time after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vqs during the first 30 days are typically 2 ju,V. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Limits at temperature extremes are guaranteed via correlation using Standard Statistical Quality Control (SQC) Methods. All limits are to be used to 
calculate Average Outgoing Quality Level (AOQL). 

Note 7: Inputs are protected by back-to-back diodes to prevent zener breakdown of the input transistors. Series limiting resistors have not been included since they 
degrade noise performance. Excessive current may flow if a differential voltage in excess of 0.7V is applied. 

Note 8: Power Supply Rejection Ratio is tested by moving both power supplies together from their minimum to maximum values. 

Note 9: Typical thermal resistance of the molded package is 95°C/W junction-to-ambient. Typical thermal resistance of the metal can package is 150°C/W 
junction-to-ambient and 17°C/W junction-to-case. 

Note 10: These units selected to illustrate the type of variations that may be encountered. (This note refers to particular curves within the Typical Performance 
Characteristics.) 
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Typical Performance Characteristics Vs = ± 15V, Ta = 25°C, Rl = 2k unless otherwise indicated 


Input Offset Voltage of 
5 Representative Units 
vs Temperature (Note 10) 
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Supply Current vs 
Supply Voltage 
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Input Bias Current of 
4 Representative Units 
vs Temperature (Note 10) 
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Typical Performance Characteristics (Continued) 


Slew Rate vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Noise Voltage vs Frequency 
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FREQUENCY (Hz) 


Noise Current vs Frequency 
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Application Hints 

OFFSET VOLTAGE 

Offset voltage of the LM607 is internally trimmed to a very 
low value. The data sheet Vos specification applies at Tj = 
25°C, Vqm = 0 and ± 1 5V supplies. For other conditions, 
temperature drift, common-mode rejection and power-sup- 
ply rejection errors must be taken into account. 

Although the LM607C is specified as Tj = 25°C, the 3 jllV 
typical warmup drift is a small fraction of its 100 jllV max 
offset. For the 25 jllV LM607A and 50 juV LM607B grades, 
the offset voltage is measured fully warmed up with the cir- 
cuit of Figure 1 approximately 5 minutes after applying pow- 
er. 

To measure Vqs with high accuracy, gain must be taken 
right at the device as shown, otherwise the offset voltage 
would get swamped out by noise and thermoelectric volt- 
ages. Thermocouples occur in the devices, the 1C socket 
and the resistor across the device inputs (R2), all of which 
must be held isothermal. Usually best results are obtained 
by placing the circuit in a box or chamber to minimized air- 
flow and employing a long thermal soak time. R2 should be 
mounted symmetrically with respect to potential thermal 
gradients: e.g. not perpendicular to the board but instead 
parallel to the board and the device socket. In addition, R2 
should have low thermal EMF. Cermet or nichrome metal 
film types are acceptable; avoid tin-oxide resistors. 


R1 50 kfl 



TL/H/8787-3 

FIGURE 1 . Offset Voltage Test Circuit 
OFFSET NULLING 

This is usually not required on the LM607 family since its 
offset voltage is internally trimmed. An offset adjust range of 
approximately +1.5 mV is available using a single 10 or 20 
kfi potentiometer as shown in Figure 2. With these values, 
the adjustment is relatively linear over the entire range. If a 
100 kfl potentiometer is used, the adjustment becomes 
very coarse at the extremes (above 700 /xV) but fine in the 
center, which makes it easier to precisely null the offset. For 
even more sensitivity, employ a pot in conjunction with two 
fixed resistors. For example the circuit of Figure 3 has an 
adjustment range of ±150 jxV. 


V* 



TL/H/8787-4 

FIGURE 2. Offset Adjust Circuit 


V 4 

I 

10 KA 10 Kfl 10 Kfl 

TL/H/8787-5 

FIGURE 3. improved Sensitivity Offset Adjust 

Because adjusting the offset voltage of an LM607 will alter 
its offset voltage temperature drift, caution is advised. Every 
100 /xV of offset will produce a 0.33 /xV/°C drift component. 
For this reason the offset adjust potentiometer should not 
be used to null out a sensor offset if system temperature 
drift is important; rather a stable voltage reference must be 
added to the sensor voltage. Offset voltage drift is guaran- 
teed by design for the LM607C either with or without exter- 
nal nulling. The higher precision A and B grades are 100% 
drift tested and guaranteed without nulling only. 

OVERCOMPENSATION 

Without any external compensation, the LM607 is stable at 
unity gain and up to 750 pF load capacitance. It has a slew 
rate of 0.7V/p,s and a gain-bandwidth product of 1 .8 MHz. If 
desired, the amplifier may be overcompensated by adding 
external components as shown in Figure 4. This increases 
maximum capacitive loading to 0.01 jxF while decreasing slew 
rate to 0.13V/ jus and bandwidth to 200 kHz. If overcompen- 
sation is not desired, pin 5 should be left open. 



270 pf 

iooo pF I Ir - " 

QhUsul 

FIGURE 4. Overcompensation 
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NOISE 

The LM607 achieves lower voltage noise than the OP-07 
primarily by operating at higher input stage current. Its su- 
perbeta input transistors and trimmed bias-current compen- 
sation prevent the bias current from increasing. When mea- 
suring spot noise, a circuit as shown in Figure 5 is recom- 
mended. The DUT runs at a gain of 100 will not roll off until 
approximately 15 kHz. Another gain of 100 amplifier follow- 
ing brings total DUT-input-referred gain up to 10,000 to mini- 
mize sensitivity to EMI in the environment. When measuring 
spot noise at 1 00 Hz, it is recommended that the bandwidth 
be 20 Hz or less to minimize pickup of 1 20 Hz, the second 
harmonic of line frequency. 


lOOfl 



TO 

SPECTRUM 

ANALYZER 


TL/H/8787-7 

FIGURE 5. Spot Noise Test Circuit 


3-514 



Application Hints (Continued) 

The circuit used to measure peak-to-peak noise in the 0.1 to 
10 Hz range is shown in Figure 6. The device should be 
warmed up for about 2 minutes and shielded from air cur- 
rents to minimize warmup drift and thermoelectric voltages. 
The test time should be limited to only 10 seconds, as this 
limits noise contributions below 0.1 Hz, in addition to the 
single zero rolloff. The measuring equipment must be flat 
beyond this bandwidth. DC coupling must be employed to 
ensure this. Certain types of X-Y plotters may not be usable 
because of severe rolloff above a few Hz. 



Gain = 50,000 

FIGURE 6. 0.1 to 10 Hz Noise Test Circuit 


Input Overdrive 

The LM607’s input-protection diodes prevent zener break- 
down of the input transistors and the ensuing degradation of 
input DC parameters. Current limiting resistors have not 
been included as they would degrade input noise voltage. 
Input current should be limited to +25 mA to avoid potential 
damage to the 1C metallization. 

In voltage follower applications, large input voltage steps 
may be coupled directly to the op amp’s output via the pro- 
tection diodes. If the input and feedback resistances are low 
in value, the output stage may be driven temporarily into 
current limit. The resulting output waveform exhibits an ini- 
tial fast step when the diodes are conducting followed by a 
slight glitch as the amplifier comes out of current limit before 
true slewing is observed. For best results, use input and 
feedback resistors of 2 kn each in parallel with 30 pF ca- 
pacitors. The capacitors eliminate input and feedback poles 
which respectively cause signal rolloff and instabilities. 
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LM611A/LM611 

Operational Amplifier and Adjustable Reference 


General Description 

The operational amplifier is a versatile common-mode-to- 
the-negative-supply (“single-supply”) type similar to the 
LM124 series, but with improved slew rate, improved power 
bandwidth, reduced cross-over distortion, and low supply 
current even while driven beyond swing limits. Lateral PNP 
input transistors enable low input currents for large differen- 
tial input voltages and swings above V+. 

The voltage reference is a three-terminal shunt-type band- 
gap similar to the adjustable LM185 series, but with im- 
proved voltage accuracy to ±0.4% accuracy by wafer trim. 
Two resistors program the reference from 1.24V to 6.3V. 
The reference features operation over a current range of 
1 6 ju,A to 20 mA, low dynamic impedance, broad capacitive 
load range, and cathode terminal voltage ranging from a 
diode-drop below V - to above V+. 

As a member of National’s new Super-Block™ family, the 
LM61 1 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 


Features (Guaranteed over temperature and supply) 


OP AMP 


■ Low operating current 

300 jxA (op amp) 


16 /a A (ref) 

■ Large supply voltage range 

4V to 36V 

■ Large output swing (10k load) (V~ 

±1V) to (V+-1.8V) 

■ Input common-mode range includes 

V- to (V+-1.4V) 

■ Wide input differential voltage 

+ 36V 

REFERENCE 


■ Adjustable output voltage 

1.2V to 6.3V 

■ Tight initial tolerance available 

±0.4% 

■ Tolerant of load capacitance 

0 tO oo 


Applications 

■ Power supplies 

■ Signal conditioning 


Connection Diagrams 



Top View 

See NS Package Number J08A or N08E 



Order Number 

Prime Military LM61 1 MJ 

( — 55°C <; t a <; + 1 25°C) 

tested at -55°C, +25°C, +125°C 

drift tested at -55°C, ±25°C, + 125°C 

Prime industrial LM611AIN 

(— 40°C ^ T a ^ + 85°C) 

tested at + 25° C 

drift tested at -40°C, + 25°C, +85°C 
Industrial LM611IN 

( — 40°C ^ T a ^ -f 85°C) LM611IM 

tested at + 25°C 

Commercial LM611CN 

(0 £ T A £ + 70°C) LM61 1 CM 

tested at + 25°C 

Packages 

J Hermetic Dual-ln-Line 

N Plastic Dual-ln-Line 

M Plastic Surface Mount Narrow (0.1 5" ) 


TL/H/9221-2 


See NS Package Number M14A 
M Narrow (0.15") 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales Dual-ln-Line Package 

Office/Distributors for availability and specifications. Soldering (10 seconds) 260°C 

Voltage on any Pin Except Cathode Pin (referred to V~ pin) Small Outline Package 

(Note 1) -0.3V (Min) Vapor Phase (60 seconds) 215°C 

Military and Industrial 36V Infrared (15 seconds) 220°C 

Commercial 32V See AN-450 “Surface Mounting Methods and Their Effect 

Current through any Input Pin & Cathode Pin +20 mA on Product Reliability” for other methods of soldering sur- 

Differential Input Voltage face mount devices ‘ 

Military and Industrial ±36V Package Thermal Resistance (Note 3) 

Commercial ±32V Hermetic DIP J08 105°C/W 

Short Circuit Duration, Op Amp (Note 2) Continuous J^°! ded qo m?? m l cfv>r /\ a/ 

K K ' Molded SO Ml 4 Narrow 150°C/W 

Storage Temperature Range -65°Cto +150’C E SD Tolerance (Note 4) 

Maximum Junction Temperature 150°C 120 pF, 1.5 kn +1 kV 

Operating Junction Temperature Range Tmin to Tmax 200 pF, < ia ±250V 

LM611M -55°C to + 125°C Absolute maximum ratings indicate limits beyond which 

*-M61 1 1 -40°C to + 85°C damage to the component may occur. Electrical specifica- 

LM611C 0°Cto +70°C tjons do not a ppiy when operating the device beyond its 

rated operating conditions. 

Electrical Characteristics 

These specifications apply for V~ = GND = 0V, V + = 5V, Vcm = V+/2, V 0UT = V+/2, l R = 100 jxA, FEEDBACK pin 
shorted to GND, any package, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type 
apply for T M | N to T MAX . 

Para- 

meter 

Conditions 

Typ- 

ical 

(Note 5) 

LM611M 

LM61 1AI, LM611I 

LM611C 

Units 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Total 

Supply 

Current 

V+ Current, Rload = 00 . 

4V ^ V+ ^ 36V OverTj Range 
(Commercial 32V) 

210 

221 

300 

320 


300 

320 

350 

370 

juA max 
juA max 

Supply 

Voltage 

Range 

Meets Total Supply Current, and 

See Vr Change with V + Change Test 

2.2 

2.9 

2.8 

3 


2.8 

3 

2.8 

3 

V min 

V min 

46 

43 

37 

36 


36 

36 

32 

32 

V max 

V max 

OPERATIONAL AMPLIFIERS 

Vos 

Over 

Supply 

4V ^ V+ <; 36V 

(4V ^ V+ < 32 V Commercial) 

±1.5 

± 2.0 

±3.5 

± 5.0 


±3.5 

± 6.0 

±5.0 

± 7.0 

mV max 
mV max 

v OS 

Over 

V CM 

Vcm = 0V through V C m = 

(V+ - 1.4V), V+ = 30V 

±1.0 

± 1.5 

±3.5 

± 5.0 


±3.5 

± 6.0 

±5.0 

± 7.0 

mV max 
mV max 

Average 

Vos 

Drift 

(Note 8) 

±15 

±25 


±30 




max 

jmV/°C 

Input 

Bias 

Current 

Ib+in an d l B — in 

-10 

-11 

±20 

±25 


±25 

±30 

±35 

±40 

nA max 
nA max 

Input 

Offset 

Current 

! OS = l B + IN “ >B_IN 

±0.2 

± 0.3 

±4 

±4 


±4 

±5 

±4 

±5 

nA max 
nA max 

Average 

>OS 

Drift 


±4 







pA/°C 

Input 

Resist- 

ance 

Differential: 

Common-Mode: 

1800 

3800 







MH 

Ma 
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Electrical Characteristics 

These specifications apply for Tj = 25°C, V - = GND = OV, V + = 5V, Vqm = V+/2, Vqut = V+/2, Ir = 100 jliA, 
FEEDBACK pin shorted to GND, any package, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits 
in boldface type apply for Twin to Tmax- (Continued) 




Typ- 

LM611M 

LM611AI 

, LM611I 

LM611C 1 



















Para- 

Conditions 

ical 

Tested 

Design 

Tested 

Design 

Tested 

Design 

Units 

meter 

(Note 5) 

Limit 

Limit 

Limit 

Limit 

Limit 

Limit 



(Note 6) 

(Note 7) 

(Note 6) 

(Note 7) 

(Note 6) 

(Note 7) 


Input 

C-to-GND, Non-Inverting Input 

5.7 







PF 

Cap. 

of Follower 







Voltage 

Noise 

100 Hz, Input Referred 

74 







nV/i/Hz 

Current 

Noise 

100 Hz Bias Current Noise 

58 







fAA/Hz 

Common 

V+ = 30 V, 


1 







-Mode 

ov <: V CM <; (V+ - 1.4V), 

95 

85 


80 


75 


dB min 

Reject 

Ratio 

CMRR = 20 log (AV C m/AV 0 s} 

90 

80 



75 


70 

dB min 

Power 

4V i V+ i 30V, V C m = V+/2, 









Supply 

PSRR = 20 log (AV+/AV 0 s) 

110 

85 


80 


75 


dB min 

Reject 

Ratio 


100 

80 



75 


70 

dB min 

Voltage 

R l = 10 kO to GND, V+ = 30V, 









Gain, 

5V ^ Vqut ^ 25V, Open-Loop 

500 

100 


100 


94 


V/mV 

Open 

A v = |AV 0 ut/AV| ND | FF | 

50 

40 



40 


40 

min 

Loop 










Slew 

V + = 30V, (Note 9) 

±0.70 

±0.55 


±0.55 


±0.50 


V/jU,S 

Rate 


±0.65 

±0.45 



±0.45 


±0.45 

min 

Gain- 

Closed Loop Gain = -1000, 

0.79 

0.52 








Band- 

-3 dB Frequency X Gain, 







MHz 

width 

C L = 50 pF 








Output 

R L = 10 ka to GND 









Voltage 

V + = 36 V (32 V Commercial) 

V+ - 1.4 

V+ - 1.6 


V+ - 1.7 


V+ - 1.8 


V min 

Swing 


V+ - 1.6 

V- - 1.8 



V+ - 1.9 


V+ - 1.9 

V min 

High 










Output 

Rl = 10 kfl to V+ 









Voltage 

V+ = 36V (32V Commercial) 

V- + 0.8 

V- ± 0.90 


V- + 0.90 


V- + 0.95 


V max 

Swing 

Low 


V- + 0.9 

V- + 1.0 



v- + 1.0 


V- + 1.0 

V max 

■out 

VoUT = V+ -2.5V, V + | N = 0V, 

-25 

-20 


-20 


-16 


mA max 

Source 

V_|N = -0.3V 

-15 

-13 



-13 


-13 

mA max 

•out 

V 0UT = 1.6V,V +in = 0V, 

17 

15 


14 


13 


mA min 

Sink 

V_| N = 0.3V 

9 

8 



11 


11 

mA min 

Short- 

V O ut = 0V,V + in = 3V, 

-30 

-37 


-40 


-43 


mA min 

Circuit 

V— in = 2V, Source: 

-40 

-46 



-48 


-50 

mA min 

Current 

V 0 ut = 5V,V + | N = 2V, 

30 

40 


60 


70 


mA max 


V— in = 3V, Sink: 

32 

60 



80 


90 

mA max 
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Electrical Characteristics 

These specifications apply for Tj = 25“C, V~ = GND = OV, V+ = 5V, V C m = V+/2, V 0 ut = V+/2, Ir = 100 juA, 
FEEDBACK pin shorted to GND, any package, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits 
in boldface type apply for Tmin to Tmax- (Continued) 

Para- 

meter 

Conditions 

Typ- 

ical 

(Note 5) 

LM611M 

LM611AI, LM611I 

LM611C 

Units 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

VOLTAGE REFERENCE (Note 10) 

Refer- 

ence 

Voltage 


1.244 

1.2390 

1.2490 

(±0.4%) 


1.2365 

1.2515 

(±0.6%) 


1.2191 

1.2689 

(±2%) 


V min 

V max 

Average 

Temp. 

Drift 

(Note 11) 

LM611AI: 

10 

20 


20 

80 


150 

PPM/°C 

max 

Average 

Time 

Drift 

Tj = 40°C 

Tj = 150°C 

400 

1000 







PPM/ 

kHr 

PPM/ 

kHr 

Hyster- 

esis 

Hyst = (Vro' - Vro)/ATj 
(Note 12) 

±3.2 







juV/°C 

V R 

Change 

with 

Current 

Vr[100 jhA] - V R [ 16jliA ] 

0.05 

O.l 

±1 

±1 


±1 

±1.1 

±1 

±1.1 

mV max 

mV max 

V R[10 mA] “ Vr[ 10 o ju,A] 

(Note 13) 

1.5 

2.0 

5 

5 


5 

5.5 

5 

5.5 

mV max 

mV max 

Resis- 

tance 

AVr[ 10 -> o.l mA]/9- 9 mA: 

AV R [ 100 ^ 16jlcA]/ 84 /xA: 

0.2 

0.6 


0.51 

12 


0.56 

13 


0.56 

13 

ft max 

ft max 

V R 

Change 

with 

High 

Vro 

v R[Vro = Vr] “ VR[vro = 6.3V] 
(5.06V between Anode and 
FEEDBACK} 

2.5 

2.8 

5 

8 


7 

10 

7 

10 

mV max 

mV max 

Vr 

Change 

with 

V + 

Change 

V R[V+ = 5V] _ V R[V+ = 36V] 
(V+ = 32V Commercial) 

-0.1 

-O.l 

±1.2 

±1.2 


±1.2 

±1.3 

±1.2 

±1.3 

mV max 

mV max 

V R[V+ = 5V] “ V R[V+ = 3V] 

0.01 

O.OI 

±1 

±1 


±1 

±1.5 

±1 

±1.5 

mV max 

mV max 

Vr 

Change 

with 

Vanode 

Change 

V+ = V+ MAX 

av r = v R (@ v ANO de = 

V- = GND) - V R 
(@ Vanode = V+ - i.ov) 

0.7 

3.3 

1.5 

5.0 


1.5 

4.0 

1.6 

3.0 

mV max 

mV max 

FEED- 

BACK 

Bias 

Current 

Ifb; Vanode ^ V FB ^ 5.06V 

-22 

-29 

-35 

-40 


-35 

-40 

-50 

-55 

nA min 

nA min 

Vr 

Noise 

1 0 Hz to 1 0,000 Hz, Vro = V R 

30 







^Vrms 
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Electrical Characteristics Notes 

Note 1: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltage on all pins. When any pin is pulled a diode drop below V~, 
a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined and 
unpredictable when any parasitic diode or transistor is conducting. 

Note 2: Simultaneous short-circuit of op amp and reference while using high voltage supplies may force junction temperature above maximum, and thus should not 
be continuous. 

Note 3: Junction temperature may be calculated using Tj = Ta + Pd^a- The given thermal resistances are worst-case for packages in sockets in still air. Nominal 
0jA are 95°C/W for LM61 1 in J package, 90°C/W for the N package, 1 35°C/W for the M package, for packages soldered to copper-clad board with dissipation from 
one op amp or reference power transistor. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Typcial values in standard typeface are for Tj = 25°C; values in boldface type apply to the military temperature range. These values represent the most 
likely parametric norm. 

Note 6: Tested limits are guaranteed and 100% tested. 

Note 7: Design limits are guaranteed via correlation, but are not 100% tested. 

Note 8: Offset voltage drift is calculated from the measurement of the offset voltage at 25°C and at the temperature extremes. The drift is A Vos/ AT. where AVos 
is the lowest value subtracted from the highest, and AT is the temperature range. 

Note 9: Slew rate is measured with the op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output 
voltage transition is sampled at 10V and 20V. For falling slew rate, the input voltage is driven from 25 V to 5V, and the output voltage transition is sampled at 20 V 
and 10V. 

Note 10: V r0 is the Cathode-to-Anode voltage (1.2V to 6.3V) and V r is the Cathode-to-FEEDBACK voltage (1.2V). 

Note 11: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
10 6 *AVr/Vr[25°c]*ATj, where AVr is the lowest value subtracted from the highest, Vr[ 25 °c] is the value at 25°C, and ATj is the temperature range. 

Note 12: Hysteresis is AVrq/ATj, where AVrq is the change in Vro caused by a change in Tj, after the reference has been “dehysterized”. To dehysterize the 
reference, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 125°C, -55°C, 85°C, -40°C, 70°C, 0°C, 25°C. 

Note 13: Low contact resistance is required for accurate measurement. 

Simplified Schematic Diagrams 


Op Amp 



Reference 


Bias 



TL/H/9221 -4 
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Typical Performance Characteristics (Reference) 

Tj = 25°C, FEEDBACK pin shorted to V - = OV, unless otherwise noted 


Reference Voltage vs Temp 

on 5 Representative Units Reference Voltage Drift 




JUNCTION TEMPERATURE (C) 


TIME (hrs) 


Reference Voltage vs 
Current and Temperature 


Reference Voltage vs 
Current and Temperature 




REFERENCE CURRENT (A) 


REFERENCE CURRENT (A) 


Reference Voltage vs 
Reference Current 



- 10" 2 - 10' 4 ± 10 -6 10' 4 10" 2 


Reference AC 
Stability Range 



REFERENCE CURRENT (A) 


REFERENCE SHUNT CURRENT (A) 


Feedback Current vs 
Feedback-to-Anode Voltage 



Reference Noise Voltage 
vs Frequency 



Accelerated Reference 
Voltage Drift vs Time 



£ 1.216 


1.214 ‘ 1 1 1 1 1 

0 100 200 300 400 500 


TIME BIASED AT 150°C (hrs) 


Reference Voltage vs 
Reference Current 


V 

— 

•0 = 

V r 


























125 

°c 





or 


L 




y 




25°C 

f 



^51 

5°C 




125°C 

125°C 



A 



2 


25°C 

-55°C 




■ 10“ 2 - 10 -4 ± 10" 6 10" 4 10~ 2 


REFERENCE CURRENT (A) 


TL/H/9221 -5 


Feedback Current vs 
Feedback-to-Anode Voltage 



Reference Small-Signal 
Resistance vs Frequency 



TL/H/9221 -6 
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Typical Performance Characteristics (Reference) (Continued) 

Tj = 25°C, FEEDBACK pin shorted to V - = OV, unless otherwise noted 


Reference Power-Up Time 


Reference Voltage with 
Feedback Voltage Step 


Reference Voltage with 
1 00 ~ 1 2 jwA Current Step 
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Typical Performance Characteristics (Op Amps) 

V+ = 5V, V _ = GND = 0V, Vcm = V + /2, Vqut = V+/2, Tj = 25°C, unless otherwise noted 


Input Common-Mode Voltage 
Range vs Temperature 


Vqs v s Junction 
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Input Bias Current vs 
Common-Mode Voltage 
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Reference Change vs 
Common-Mode Voltage 
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Step Response 
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vs Temp, and Current 


I 

1 

i 

i 

■ 

i 

i 

e 

ai 

1 

I 

1 

i 

i 

■ 

i 

i 

i 

ii 

1 

iv< 

n 5 

52V 


F 




i 

1 

i 

100 /x/ 

3 




L 

i 



25°< 

II 

^anode 
V"= GND | 

i 




1 


0 5 1 0 1 5 20 25 30.0 30.5 31 .0 31 .5 32.0 
REFERENCE ANODE - TO- V" VOLTAGE (V) 




TIME (ms) 


JUNCTION TEMPERATURE (C) TL/H/9221 _ 


3-522 








LM611A/LM611 



3-524 



Typical Performance Distributions (Continued) 


Average Iqs Drift 
Military Temperature Range 



Average Iqs Drift 
Industrial Temperature Range 



Average Iqs Drift 
Commercial Temperature Range 



Voltage Reference Broad-Band 
Noise Distribution 


10 :£f ^10,000 Hz 








o 1 m i 

0 4 8 12162024283236404448 


VOLTAGE NOISE (/iV RMS ) 


Op Amp Voltage 
Noise Distribution 
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VOLTAGE NOISE (nV RMS /VHz) 


Op Amp Current 
Noise Distribution 



CURRENT NOISE (fA RMS /Vfiz) 
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Application Information 

VOLTAGE REFERENCE 
Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zener diode. With current l r flowing in 
the ‘forward’ direction there is the familiar diode transfer 
function. I r flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. The 
applied voltage to the cathode may range from a diode drop 
below V - to the reference voltage or to the avalanche volt- 
age of the parallel protection diode, nominally 7 V. A 6.3V 
reference with V + = 3V is allowed. 



TL/H/9221-14 

FIGURE 1. Voltages Associated with Reference 
(Current Source l r is External) 

The reference equivalent circuit reveals how V r is held at 
the constant 1 .2 V by feedback, and how the FEEDBACK pin 
passes little current. 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 


ence voltage. Varying that voltage, and so varying l r , has 
small effect with the equivalent series resistance of less 
than an ohm at the higher currents. Alternatively, an active 
current source, such as the LM134 series, may generate l r . 


Cathode 



TL/H/9221-15 

FIGURE 2. Reference Equivalent Circuit 


5V 



V 


TL/H/9221-16 

FIGURE 3. 1.2V Reference 
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Application Information (Continued) 

Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range curve for capacitance val- 
ues — from 20 juA to 3 mA any capacitor value is stable. With 
the reference’s wide stability range with resistive and capac- 
itive loads, a wide range of RC filter values will perform 
noise filtering. 

Adjustable Reference 

The FEEDBACK pin allows the reference output voltage, 
V ro , to vary from 1 .24V to 6.3V. The reference attempts to 
hold V r at 1.24V. If V r is above 1.24V, the reference will 
conduct current from Cathode to Anode; FEEDBACK cur- 
rent always remains low. If FEEDBACK is connected to An- 
ode, then V ro = V r = 1.24V. For higher voltages FEED- 
BACK is held at a constant voltage above Anode— say 
3.76V for V ro = 5V. Connecting a resistor across the con- 
stant V r generates a current I = R1 /V r flowing from Cathode 
into FEEDBACK node. A Thevenin equivalent 3.76V is gen- 
erated from FEEDBACK to Anode with R2 = 3.76/1. Keep I 
greater than one thousand times larger than FEEDBACK 
bias current for <0.1% error— 1^32 juA for the military 
grade over the military temperature range (1^ 5.5 /xA for a 
1 % untrimmed error for a commercial part.) 


15V 



TL/H/9221-17 

FIGURE 4. Thevenin Equivalent of 
Reference with 5V Output 


15V 



R1 

39k 


| 1 = 32 jjlA 
R2 

118k 


TL/H/9221-18 


R1 = Vr/I = 1 .24/ 32jul = 39k 
R2 = R1 ((Vro/Vr) - 1 ) = 39k ((5/1.24) - 1)) = 118k 
FIGURE 5. Resistors R1 and R2 Program 
Reference Output Voltage to be 5V 
Understanding that V r is fixed and that voltage sources, re- 
sistors, and capacitors may be tied to the FEEDBACK pin, a 
range of V r temperature coefficients may be synthesized. 


15V 



Coefficient (TC) if R2 has Negative TC 


15V 



FIGURE 7. Output Voltage has Positive TC 
if R1 has Negative TC 


15V 



FIGURE 8. Diode in Series with R1 Causes 
Voltage Across R1 and R2 to be Proportional 
to Absolute Temperature (PTAT) 

Connecting a resistor across Cathode-to-FEEDBACK cre- 
ates a 0 TC current source, but a range of TCs may be 
synthesized. 



I = Vr/RI = 1.24/R1 

FIGURE 9. Current Source is Programmed by R1 
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Application Information (Continued) 


v 

?■ 



t ^ 


V 

TL/H/9221 -23 

FIGURE 10. Proportional-to-Absolute- 
Temperature Current Source 



TL/H/9221 -24 

FIGURE 11. Negative -TC Current Source 
Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary — al- 
ways check the data sheet for any given device. Do not 
assume that no specification means no hysteresis. 

OPERATIONAL AMPLIFIER 

The amp or the reference may be biased in any way with no 
effect on the other, except when a substrate diode conducts 
(see Guaranteed Electrical Characteristics Note 1). The 
amp may have inputs outside the common-mode range, 
may be operated as a comparator, or have all terminals 
floating with no effect on the reference (tying inverting input 


to output and non-inverting input to V~ on unused amp is 
preferred). Choosing operating points that cause oscillation, 
such as driving too large a capacitive load, is best avoided. 

Op Amp Output Stage 

The op amp, like the LM124 series, has a flexible and rela- 
tively wide-swing output stage. There are simple rules to 
optimize output swing, reduce cross-over distortion, and op- 
timize capacitive drive capability: 

1) Output Swing: Unloaded, the 42 jaA pull-down will bring 
the output within 300 mV of V - over the military tempera- 
ture range. If more than 42 juA is required, a resistor from 
output to V~ will help. Swing across any load may be 
improved slightly if the load can be tied to V + , at the cost 
of poorer sinking open-loop voltage gain. 

2) Cross-over Distortion: The LM61 1 has lower cross-over 
distortion (a 1 Vbe deadband versus 3 Vbe for the 
LM124), and increased slew rate as shown in the charac- 
teristic curves. A resistor pull-up or pull-down will force 
class-A operation with only the PNP or NPN output tran- 
sistor conducting, eliminating cross-over distortion. 

3) Capacitive Drive: Limited by the output pole caused by 
the output resistance driving capacitive loads, a pull- 
down resistor conducting 1 mA or more reduces the out- 
put stage NPN r e until the output resistance is that of the 
current limit 25a. 200 pF may then be driven without os- 
cillation. 

Op Amp Input Stage 

The lateral PNP input transistors, unlike most op amps, 
have BVebo equal to the absolute maximum supply voltage. 
Also, they have no diode clamps to the positive supply nor 
across the inputs. These features make the inputs look like 
high impedances to input sources producing large differen- 
tial and common-mode voltages. 

Typical Applications 

For typical applications, refer to the LM124 Op Amp and 
LM185 Adjustable Reference datasheets. 
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Semiconductor 


LM613A/LM613 

Dual Operational Amplifiers, 

Adjustable Reference 

General Description 

The operational amplifiers are a versatile common-mode-to- 
the-negative-supply (“single supply”) type similar to the 
LM124 series, but with improved slew rate, improved power 
bandwidth, reduced cross-over distortion, and low supply 
current even when driven beyond output swing limits. The 
comparators are also a common-mode-to-the-negative-sup- 
ply type, similar to the LM1 39 series. The op amps and com- 
parators have lateral PNP input transistors which enable low 
input currents for large differential input voltages and swings 
above V + . 

The voltage reference is a three-terminal shunt-type band- 
gap similar to the adjustable LM185 series, but with anode 
committed to the V“ terminal and improved voltage accura- 
cy to ±0.4%. Two resistors program the reference from 
1 .24V to 6.3V. The reference features operation over a 
shunt current range of 1 6 jut A to 20 mA, low dynamic imped- 
ance, broad capacitive load range, and cathode terminal 
voltage ranging from a diode-drop below V~ to above V + . 
As a member of National’s new Super-BlockTM family, the 
LM613 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 


Dual Comparators, and 


Features (Guaranteed over temperature & supply) 


OP AMPS AND COMPARATORS 

B Low operating current 1000 jllA 

(op amps & comparators) 
16 juA (reference) 

■ Large supply voltage range 4V to 36V 

a Large output swing 

(10 kfi load) (V - + IV) to (V + - 1.8V) 

a Input common-mode range V - to (V + — 1.4V) 

a Wide differential input voltage +36V 


REFERENCE 

a Adjustable output voltage 1.2V to 6.3V 

a Tight initial tolerance available ±0.4% 

a Tolerant of load capacitance 


Applications 

B Power supplies 
a Signal conditioning 


Connection Diagram 


COMPARATOR 

V- 

0P AMP 

CATHODE 

TL/H/9226-1 

Top View 

Order Number LM613IJ, LM613MJ, LM613CWM, 
LM613IWM, LM613AIN, LM613CN or LM613IN 
See NS Package Number J16A, M16B or N16A 



Order Number 

Prime Military 

Tested at -55°C, +25°C, +125°C 
Drift tested at -55°C, +25°C, +125°C 

Prime Industrial 

Tested at 25°C 

Drift tested at -40°C, +25°C, +85°C 

Industrial 

Tested at +25°C 


Commercial 

Tested at +25°C 


LM613MJ 


LM613AIN 


LM613IN 

LM613IJ 

LM613IWM 

LM613CN 

LM613CWM 


Packages 

j 

N 

WM 


Hermetic Dual-ln-Line 
Plastic Dual-ln-Line 
Plastic Surface Mount Wide (0.3" ) 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales J, N Packages 

Office/Distributors for availability and specifications. Soldering (10 seconds) 260°C 

Voltage on Any Pin Except Cathode Pin (referred to V- pin) WM Package 

(Note 2) Vapor Phase (60 seconds) 215°C 

(Note 3) -0.3V (Min) Infrared (15 seconds) 220°C 

LM613M, LM613AI, LM613I 36V See AN-450 “Surface Mounting Methods and Their Effect 

LM613C 32 V on Product Reliability” for other methods of soldering sur- 

Current through Any Input Pin & Cathode Pin ± 20 mA f ace mount devices. 

Differential Input Voltage Thermal Resistance, Junction-to-Ambient (Note 5) 

LM613M, LM613AI, LM613I ±36V LM613MJ, LM613IJ 100°C/W 

LM613C +32V LM613AIN, LM613IN, LM613CN 95°C/W 

Short Circuit Duration, Op Amp (Note 4) Contin'uous LM613IWM, LM613CWM 144"C/W 

Storage Temperature Range - 65”C to + 1 50°C ESD Tolerance (Note 6) ±1 kV 

Maximum Junction Temperature 150*C TemperatUr6 Ran9e ^"C t^-f 125»C 

LM613I -40°Cto+85”C 

LM613C 0°C to + 70°C 

Electrical Characteristics These specifications apply tor v~ = gnd = ov, v + = sv, v CM = v 0 ut = v+ /2, 

Ir = 100 juA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits 

in boldface type apply for Twin to Tmax- 

Parameter 

Conditions 

Typ 

(Note 7) 

LM613M 

LM613AI, 

LM613I 

LM613C 

Units 

Tested 

Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

Tested 

Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

Tested 

Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

Total Supply 
Current 

V + Current, Rload = 00 . 
4V <; V + ^ 36V 
(32V for LM613C) 

450 

550 

900 

IOOO 


940 

1000 

1000 

1070 

jaA (Max) 
jliA (Max) 

Supply Voltage 
Range 

Total Supply Current 
Specification is Met 

2.2 

2.9 

2.8 

3 


2.8 

3 

2.8 

3 

V (Min) 

V (Min) 

46 

43 

36 

36 


36 

36 

32 

32 

V (Max) 

V (Max) 

OPERATIONAL AMPLIFIERS 

Offset Voltage 

4V <: V + £ 36V 
(32V for LM613C) 

±1.5 

±2.0 

±3.5 

±5.0 


±3.5 

±6.0 

±5.0 

±7.0 

mV (Max) 
mV (Max) 

Offset Voltage 
over V C m 

0V £ V C M ^ (V + - 1.4V), 
V + = 30V 

±1.0 

±1.5 

±3.5 

±5.0 



US 



mV (Max) 
mV (Max) 

Average Offset 
Voltage Drift 

LM613M and LM613AI 

Op Amp 3 Only, (Note 1 0) 

15 

25 





■ 

JLtV/°C 

(Max) 

Input Bias 

Current 


■9 







nA (Max) 
nA (Max) 

Input Offset 
Current 


±0.2 

±0.3 

m 

■ 

±4 

±5 

±4 

±5 

nA (Max) 
nA (Max) 

Average Offset 
Current Drift 


±4 

m 

■ 





pA/°C 

Input Resistance 









MH 

Input 

Capacitance 


0.6 

6 






| 

LL IL 
CL Q. 
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Electrical Characteristics These specifications apply for v _ = gnd = ov, v + = sv, v C m = v 0 ut = v+ /2, 

Ir = 100 fiA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits 
in boldface type apply for Twin to Tmax- (Continued) 

Parameter 

Conditions 

Typ 

(Note 7) 

LM613M 

LM613AI, 

LM613I 

LM613C 

Units 

Tested 
Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

Tested 
Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

Tested 
Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

OPERATIONAL AMPLIFIERS (Continued) 

Voltage Noise 

f = 100 Hz 

74 







nV/\/Hz 

Current Noise 

f = 100 Hz 

58 







fA/^Hz 

Common-Mode 
Rejection Ratio 

0V i V CM s; (V + - 1.4V), 
V + = 30V 

95 

90 

85 

80 


80 

75 

75 


dB (Min) 
dB (Min) 

Power Supply 
Rejection Ratio 

4V <; v + <; 30V, 

Vcm = V+/2 

100 

90 

85 

80 


80 

75 

75 


dB (Min) 
dB (Min) 

Voltage Gain, 
Open Loop 

R l = 1 0ka to GND, 

V + = 30V 

5V <; Vqut ^ 25V 

500 

50 

100 

40 


100 

40 

94 


V/mV 

(Min) 

Slew Rate 

V + = 30V (Note 11) 








V/jULS 

(Min) 


C L = 50 pF 

1 







1 



ffi. : / 


■ 


HR 


W 

V (Min) 

V (Min) 

r l = iokatov + , 

V + = 36V 
(32V for LM613C) 

V“ +0.8 

V“ + 0.9 

V" + 0.90 

V - + 1.0 


V“ + 0.90 

V" + 1.0 

V" + 0.95 

V“ + 1.0 

V (Max) 

V (Max) 

Output Current 
(Sourcing) 

(Sinking) 

VoUT = V + - 2.5V, 

V+| N = 0V 

V— | N = -0.3V 

-25 

-15 

-20 

-13 


-20 

-13 

-16 

-13 

mA (Max) 
mA (Max) 

VoUT = “1 -6V, 

V + IN ~ 0V 

V_| N 0.3V 

17 

9 

15 

8 


14 

11 

13 

11 

mA (Min) 
mA (Min) 

Output Short- 
Circuit Current 
(Sourcing) 

(Sinking) 

VoUT = 0V, 

V + ,n = 3V 

V-in = 2V 


D 

■ 



a 

H 

mA (Min) 
mA (Min) 

VoUT = 5 V, 

V+in = 2V 

V-in = 3V 


H 

■ 


80 


a 

mA (Max) 
mA (Max) 

COMPARATORS 

Offset Voltage 

4V ^ V + <, 36V 
(32V for LM613C), 

R l = 15 ka 




±3.0 

±6.0 

±5.0 


mV (Max) 
mV (Max) 

Offset Voltage 

overVcM 

ov ^ v C m (V + - i.4V), 
V + = 30V, R l = 15 ka 

±1.0 

±1.5 

±2.5 

±4.0 

■ 






Average Offset 
Voltage Drift 


15 


■ 

■I 




jLtV/°C 

(Max) 

Input Bias 
Current 


-5 

-8 

±20 

±25 

■ 

m 
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Electrical Characteristics These specifications apply for V” = GND = OV, V + = 5V, Vcm = Vout = v+ / 2 , 

Ir = 100 juA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are forTj = 25°C; limits 
in boldface type apply for Tmin to t max- (Continued) 

Parameter 

Conditions 

Typ 

(Note 7) 

LM613M 

LM613AI, 

LM613I 

LM613C 

Units 

Tested 
Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

Tested 
Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

Tested 
Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

COMPARATORS (Continued) 

Input Offset 
Current 


±0.2 

±0.3 

±4 

±4 


±4 

±5 

±4 

±5 

nA (Max) 
nA (Max) 

Voltage Gain 

R l = 10 ka to 36V 
(32V for LM613C), 

2V <; Vqut ^ 27V 

500 

100 







V/mV 

V/m V 

Large Signal 
Response Time 

V + IN = 1.4V, 

V_in — TTL Swing, 

R l = 5.1 ka 

1.5 

2.0 







jU,S 

jus 

Output Sink 
Current 

V + in = 0V, 

V— in = IV, 

VoUT = 1 -5V 

20 

13 

12 

8 


10 

8 

10 

8 

mA (Min) 
mA (Min) 

VOUT = 0-4V 

2.8 

2.4 

1.0 

0.8 


1.0 

0.5 

0.8 

0.5 

mA (Min) 
mA (Min) 

Output Leakage 
Current 

V + | N = IV, 

V-, N = 0V, 

Vout = 36V 
(32V for LM613C) 

0.1 

0.2 

10 

10 


10 


10 


julA (Max) 
jllA (Max) 

VOLTAGE REFERENCE (Note 12) 

Reference 

Voltage 


1.244 

1.2390 

1.2490 

(±0.4%) 


1.2365 

1.2515 

(±0.6%) 


1.2191 

1.2689 

(±2%) 


V (Min) 

V (Max) 

Average Temp. 
Drift 

(Note 13) 

LM613AI 

10 

20 


20 

80 


150 

ppm/°C 

(Max) 

Average Time 
Drift 

II II 

-J- 

U 1 o 

400 

1000 







ppm/kH 

ppm/kH 

Hysteresis 

(Note 14) 

±3.2 







juV/°C 

Vr Change with 
Current 

Vr[ 100 ju-Al _ Vr[ 16| xA] 

0.05 

0.1 

±1 

±1 


±1 

±1.1 

±1 

±1.1 

mV (Max) 
mV (Max) 

Vr [1 0 mA] — Vr[100 /liA] 

(Note 15) 

1.5 

2.0 

5 

5 


5 

5.5 

5 

5.5 

mV (Max) 
mV (Max) 

Resistance 

AVr[ 10 0.1 mAl/9-9 ™A 
AVr[ 10 o 16 /hA]/84 

0.2 

0.6 


0.51 

12 


0.56 

13 


0.56 

13 

n (Max) 
a (Max) 

Vr Change with 
High Vrq 

v R[Vro = Vr] “ V R [vro = 6.3V] 
(5.06V between Anode and 
FEEDBACK) 

2.5 

2.8 

5 

8 


7 

10 

7 

10 

mV (Max) 
mV (Max) 

Vr Change with 
V + Change 

Vr[V+ =5V] “ Vr[ V +=36V] 
(V + = 32V for LM613C) 

0.1 

0.1 

±1.2 

±1.2 


±1.2 

±1.3 

±1.2 

±1.3 

mV (Max) 
mV (Max) 

Vr[V+ =5V] ~Vr[v+ =3V] 

0.01 

O.OI 

±1 

±1 


±1 

±1.5 

±1 

±1.5 

mV (Max) 
mV (Max) 

FEEDBACK Bias 
Current 

VaNODE ^ Vp B ^ 5.06V 

-22 

-29 

-35 

-40 


-35 

-40 

-50 

-55 

nA (Min) 
nA (Min) 

Voltage Noise 

BW = 10 Hz to 10 kHz, 

Vro = Vr 

30 







Z^Vrms 
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Electrical Characteristics (Continued) 

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device beyond its rated operating conditions. 

Note 2: Input voltage above V + is allowed. As long as one input pin voltage remains inside the common-mode range, the comparator will deliver the correct output. 
Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V~, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 

Note 4: Simultaneous short-circuit of multiple op amps or comparators while using high supply voltages may force junction temperature above maximum, and thus 
should not be continuous. 

Note 5: Junction temperature may be calculated using Tj = Ta + Pq 0ja- The given thermal resistances are worst-case for packages in sockets in still air. 
Nominal 0 ja are 85°C/W for LM613 in J package, 80°C/W for the N package, and 1 35°C/W for the WM package, for packages soldered to copper-clad board with 
dissipation from one op amp, comparator, or reference output transistor. 

Note 6: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 7: Typical values in standard typeface are for Tj = 25°C; values in boldface type apply to the military temperature range. These values represent the most 
likely parametric norm. 

Note 8: Tested limits are guaranteed and 100% tested. 

Note 9: Design limits are guaranteed via correllation, but are not 100% tested. 

Note 10: Offset voltage drift is calculated from the measurement of the offset voltage at 25°C and at the temperature extremes. The drift is A Vos/ AT, where A Vos 
is the lowest value subtracted from the highest, and AT is the temperature range. 

Note 11: Slew rate is measured with the op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output 
voltage transition is sampled at 10V and 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transistion is sampled at 20V 
and 10V. 

Note 12: Vrq is the Cathode-to-Anode voltage (i.e. the reference output voltage, 1.2V to 6.3V). Vr is the Cathode-to-FEEDBACK voltage (nominally 1.2V). 

Note 13: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
10 6 *AVr/Vr[25«c]*ATj, where AVR is the lowest value subtracted from the highest, Vr[ 25 °c] is the value at 25°C, and ATj is the temperature range. 

Note 14: Hysteresis is AVro/ATj, where AVro is the change in Vro caused by a change in Tj, after the reference has been “dehysterized”. To dehysterize the 
reference, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 125°C, -55°C, 85°C, -40°C, 70°C, 0°C, 25°C. 

Note 15: Low contact resistance is required for accurate measurement. 
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Typical Performance Characteristics (Reference) 

Tj = 25°C, FEEDBACK pin shorted to V~ = OV, unless otherwise noted 


Reference Voltage vs Temp. 



-60-40 -20 0 20 40 60 80 100120140 


Reference Voltage Drift 



JUNCTION TEMPERATURE (C) 


TIME (Hours) 


Accelerated Reference 
Voltage Drift vs Time 



Reference Voltage vs 


Reference Voltage vs 


Reference Voltage vs 


Current and Temperature 



Current and Temperature 



Reference Current 


V 

— 

ro" 

Vr 


























125 

3 





or 

mm 



_ 

- 

Li 




25°C 

f 







125°C 

125°C 



A 


S2- 

25°C 

-55°C 




-10 -0.1 ±0.001 0.1 10 


REFERENCE CURRENT (mA) 


REFERENCE CURRENT (mA) 


REFERENCE CURRENT (mA) 


Reference Voltage vs 



-10 -0.1 ±0.001 0.1 10 


REFERENCE CURRENT (mA) 


Reference AC 
Stability Range 



s 

QC 

Q£ 

3 

S 


FEEDBACK Current vs 
FEEDBACK-to-Anode Voltage 



REFERENCE SHUNT CURRENT (mA) 


ANODE -TO - FEEDBACK VOLTAGE (V) 


FEEDBACK Current vs Reference Noise Voltage 

FEEDBACK-to-Anode Voltage vs Frequency 




cj 


to 

a 

on 

5* 

1 

d 


Reference Small-Signal 
Resistance vs Frequency 



0.1 1 10 100 1000 
FREQUENCY (kHz) 
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Typical Performance Characteristics (Reference) (Continued) 

Tj = 25° C, FEEDBACK pin shorted to V" = OV, unless otherwise noted 


Reference Power-Up Time 


Reference Voltage with 
FEEDBACK Voltage Step 


Reference Voltage with 
100 ~ 12 juA Current Step 



F 

EEDBCK-TC 

-AN 

DDE V 

0LTAGE 





□ 

5.06 

V 




OV 




Ta- 


A 




~7 


r 


1 




1 


f 






j 





L 



/ 





V 








_Y ro 

d 











Reference Step Response 
for 100 juA ~ 10 mA 
Current Step 


0 100 200 300 400 500 600 700 

TIME 0*3 ) 

Reference Voltage Change 
with Supply Voltage Step 



R 0 = AVro^A 'r = 0.23 4 @125°cl 


l r STEP 


IQOjtA 


0 100 200 300 400 500 600 700 

TIME 0*s) 



TIME 0*s) 

Reference Change vs 
Common-Mode Voltage 

(V*-2) (V*-1) V+ 


-5 

— jfl00/*A- 

-10 


v anode 

-15 

V=GND | 


t 


0 5 10 15 20 25 30.0 30.5 31 .0 31 .5 32.0 
REFERENCE ANODE - TO- V" VOLTAGE (V) 
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Typical Performance Characteristics (Op Amps) 

V+ = 5V, V - = GND = 0V, Vcm = V + /2, Vqut = V + /2, Tj = 25°C, unless otherwise noted 


Input Common-Mode 
Voltage Range vs 



Vos vs Junction 
Temperature 



Input Bias Current vs 
Common-Mode Voltage 



-1 0 1 2 3 4 5 10 20 40 
INPUT VOLTAGE (V) 


Large-Signal 


Output Voltage Swing 



0 10 20 30 40 50 

TIME Oxs) 
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Typical Performance Characteristics (Comparators) (Continued) 


Comparator 

Response Times — Inverting 
Input, Positive Transition 



Comparator 

Response Times— Inverting 
Input, Negative Transition 



Time (/xs) 


TL/H/9226-12 


Time (/xs) 
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Comparator 

Response Times— Non-Inverting 
Input, Positive Transition 



0 05 1 15 2 25 3 35 4 


Comparator 

Response Times — Non-Inverting 
Input, Negative Transition 



Time (/is) 
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Time (/xs) 
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Comparator 

Response Times — Inverting 


Input, Positive Transition 



Comparator 

Response Times— Inverting 
Input, Negative Transition 



Time (/xs) 


TL/H/9226-16 


Time (/x s) 
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Typical Performance Characteristics (Comparators) (Continued) 
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Typical Performance Distributions 


Average Vqs Drift 
Military Temperature Range 



Vos DRIFT (/iV/C) 

TL/H/9226-20 


Average Vqs Drift 
Commercial Temperature Range 



Vos DRIFT (aiV/C) 

TL/H/9226-22 


Average Vqs Drift 
Industrial Temperature Range 



Vos DRIFT (/xV/C) 

TL/H/9226-21 


Average los Drift 
Military Temperature Range 



los DRIFT (pA/C) 

TL/H/9226-23 
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Typical Performance Distributions (Continued) 


Average Iqs Drift 
Industrial Temperature Range 
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Op Amp Voltage 
Noise Distribution 
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Op Amp Current 
Noise Distribution 
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Voltage Reference Broad-Band 
Noise Distribution 
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Application Information 

VOLTAGE REFERENCE 


Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zener diode. With current l r flowing in 
the “forward” direction there is the familiar diode transfer 
function. I r flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. The 
cathode may swing from a diode drop below V“ to the ref- 
erence voltage or to the avalanche voltage of the parallel 
protection diode, nominally 7 V. A 6.3V reference with V + = 
3V is allowed. 


1 6 /xA<lr£20 mA 


Cathode 

r. 

1 .2<Vro<6.3Vi 


i! 

ru.c'iv/ 


1 0~5.1V 
Anode committed to V" 


Vr=1.2V 


FEEDBACK 


TL/H/9226-29 

FIGURE 1. Voltage Associated with Reference 
(current source l r is external) 
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Application Information (Continued) 

The reference equivalent circuit reveals how V r is held at 
the constant 1 .2V by feedback, and how the FEEDBACK pin 
passes little current. 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 
ence voltage. Varying that voltage, and so varying l r , has 
small effect with the equivalent series resistance of less 
than an ohm at the higher currents. Alternatively, an active 
current source, such as the LM134 series, may generate l r . 


Cathode 



TL/H/9226-30 

FIGURE 2. Reference Equivalent Circuit 


5V 



15V 



TL/H/9226-32 

FIGURE 4. Thevenin Equivalent of Reference 
with 5V Output 



R1 

39k 


j I = 32 /zA 
R2 

118k 


TL/H/9226-33 


R1 = Vr/I = 1.24/32/x = 39k 

R2 = R1 ((Vro/Vr) - 1} = 39k {(5/1.24) - 1)} = 118k 

FIGURE 5. Resistors R1 and R2 Program Reference 
Output Voltage to be 5V 

Understanding that V r is fixed and that voltage sources, re- 
sistors, and capacitors may be tied to the FEEDBACK pin, a 
range of V r temperature coefficients may be synthesized. 


Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range typical curve for capaci- 
tance values— from 20 jiA to 3 mA any capacitor value is 
stable. With the reference’s wide stability range with resis- 
tive and capacitive loads, a wide range of RC filter values 
will perform noise filtering. 

Adjustable Reference 

The FEEDBACK pin allows the reference output voltage, 
V ro , to vary from 1.24V to 6.3V. The reference attempts to 
hold V r at 1.24V. If V r is above 1.24V, the reference will 
conduct current from Cathode to Anode; FEEDBACK cur- 
rent always remains low. If FEEDBACK is connected to An- 
ode, then V r0 = V r = 1.24V. For higher voltages FEED- 
BACK is held at a constant voltage above Anode— say 
3.76V for V ro = 5V. Connecting a resistor across the cons- 
tant V r generates a current I = R1 /V r flowing from Cathode 
into FEEDBACK node. A Thevenin equivalent 3.76V is gen- 
erated from FEEDBACK to Ancde with R2 = 3.76/1. Keep I 
greater than one thousand times larger than FEEDBACK 
bias current for <0.1% error— 1^32 jliA for the military 
grade over the military temperature range (I ^ 5.5 ju,A for a 
1 % untrimmed error for a commercial part). 


15V 



FIGURE 6. Output Voltage has Negative Temperature 
Coefficient (TC) if R2 has Negative TC 
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Application Information (Continued) 

15V 



FIGURE 7. Output Voltage has Positive TC 
if R1 has Negative TC 

15V 



Across R1 and R2 to be Proportional to Absolute 
Temperature (PTAT) 

Connecting a resistor across Cathode-to-FEEDBACK cre- 
ates a 0 TC current source, but a range of TCs may be 
synthesized. 


^ I + 1 6 mA I 


^ 16 a a | 'j ^ 


I I 0-5V 


,v- 


TL/H/9226-37 

I = Vr/R1 = 1.24/R1 

FIGURE 9. Current Source is Programmed by R1 



TL/H/9226-38 

FIGURE 10. Proportional-to-Absolute-Temperature 
Current Source 



TL/H/9226-39 

FIGURE 11. Negative-TC Current Source 
Reference Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary — 
always check the data sheet for any given device. Do not 
assume that no specification means no hysteresis. 

OPERATIONAL AMPLIFIERS AND COMPARATORS 

Any amp, comparator, or the reference may be biased in 
any way with no effect on the other sections of the LM61 3, 
except when a substrate diode conducts (see Electrical 
Characteristics Note 1). For example, one amp input may be 
outside the common-mode range, another amp may be op- 
erating as a comparator, and all other sections may have all 
terminals floating with no effect on the others. Tying invert- 
ing input to output and non-inverting input to V - on unused 
amps is preferred. Unused comparators should have non-in- 
verting input and output tied to V + , and inverting input tied 
to V~. Choosing operating point that cause oscillation, such 
as driving too large a capacitive load, is best avoided. 

Op Amp Output Stage 

These op amps, like the LM124 series, have flexible and 
relatively wide-swing output stages. There are simple rules 
to optimize output swing, reduce cross-over distortion, and 
optimize capacitive drive capability: 

1) Output Swing: Unloaded, the 42 jaA pull-down will bring 
the output within 300 mV of V - over the military temper- 
ature range. If more than 42 /xA is required, a resistor 
from output to V - will help. Swing across any load may 
be improved slightly if the load can be tied to V + , at the 
cost of poorer sinking open-loop voltage gain. 
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Application Information (Continued) 

2) Cross-Over Distortion: The LM613 has lower cross-over 
distortion (a 1 Vbe deadband versus 3 Vbe for the 
LM124), and increased slew rate as shown in the char- 
acteristic curves. A resistor pull-up or pull-down will force 
class-A operation with only the PNP or NPN output tran- 
sistor conducting, eliminating cross-over distortion. 

3) Capacitive Drive: Limited by the output pole caused by 
the output resistance driving capacitive loads, a pull- 
down resistor conducting 1 mA or more reduces the out- 
put stage NPN r e until the output resistance is that of the 
current limit 25CI. 200 pF may then be driven without 
oscillation. 

Comparator Output Stage 

The comparators, like the LM139 series, have open-collec- 
tor output stages. A pull-up resistor must be added from 
each output pin to a positive voltage for the output transistor 
to switch properly. When the output transistor is OFF, the 
output voltage will be this external positive voltage. 


For the output voltage to be under the TTL-low voltage 
threshold when the output transistor is ON, the output cur- 
rent must be less than 8 mA (over temperature). This im- 
pacts the minimum value of pull-up resistor. 

The offset voltage may increase when the output voltage is 
low and the output current is less than 30 juA. Thus, for best 
accuracy, the pull-up resistor value should be low enough to 
allow the output transistor to sink more than 30 juA 


The lateral PNP input transistors, unlike those of most op 
amps, have BV^bo equal to the absolute maximum supply 
voltage. Also, they have no diode clamps to the positive 
supply nor across the inputs. These features make the in- 
puts look like high impedances to input sources producing 
large differential and common-mode voltages. 

Typical Applications 

For typical applications, refer to the LM124 Op Amp, LM139 
Comparator, and LM185 Adjustable Reference datasheets. 


Op Amp and Comparator Input Stage 


3 
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National 

Semiconductor 


LM614A/LM614 Quad Operational Amplifiers 
and Adjustable Reference 


General Description 

The quad operational amplifiers are a versatile common- 
mode-to-the-negative-supply (“single supply”) type similar 
to the LM124 series, but with improved slew rate, improved 
power bandwidth, reduced cross-over distortion, and low 
supply current even while driven beyond swing limits. Later- 
al PNP input transistors enable low input currents for large 
differential input voltages and swings above V + . 

The voltage reference is a three-terminal shunt-type band- 
gap similar to the adjustable LM185 series, but with anode 
committed to the V“ terminal and improved voltage accura- 
cy to ±0.4%. Two resistors program the reference from 
1.24V to 6.3V. The reference features operation over a 
shunt current range of 16 jmA to 20 mA, low dynamic imped- 
ance, broad capacitive load range, and cathode terminal 
voltage ranging from a diode-drop below V - to above V + . 
As a member of National’s new Super-BlockTM family, the 
LM614 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 


Features (Guaranteed over temperature & supply) 


Op Amps 

■ Low operating current 

■ Large supply voltage range 

■ Large output swing 

(10k load) (V~ 

■ Input common-mode includes 

■ Wide input differential voltage 

■ Standard quad op amp pin-out 
Reference 

■ Adjustable output voltage 

■ Tight initial tolerance available 

■ Tolerant of load capacitance 


250 jxA (per op amp) 
1 6 julA (reference) 
4V to 36V 

+ IV) to (V + - 1.8V) 
V" to (V + - 1.4V) 
+ 36V 


1.2V to 6.3V 
±0.4% 
0 to <*> 


Applications 

■ Power supplies 

■ Signal conditioning 


Connection Diagram 



TL/H/9326-1 

Top View 

Order Number LM614IJ, LM614MJ, LM614CWM, 
LM614IWM, LM614AIN, LM614CN or LM614IN 
See NS Package Number J16A, M16B or N16A 


Order Number 

Prime Military 

Tested at -55°C, + 25°C, + 125°C 
Drift tested at -55°C, +25°C, +125°C 

Prime Industrial 

Tested at +25°C 

Drift tested at -40°C, + 25°C, +85°C 

Industrial 

Tested at +25°C 


Commerical 

Tested at +25°C 


LM614MJ 


LM614AIN 


LM614IN 

LM614IJ 

LM614IWM 


LM614CN 

LM614CWM 


Packages 

j 

N 

WM 


Hermetic Dual-ln-Line 
Plastic Dual-ln-Line 
Plastic Surface Mount Wide (0.3" ) 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales Dual-ln-Line Package 

Office/Distributors for availability and specifications. (Soldering, 10 seconds) 260°C 

Voltage on Any Pin except Cathode Pin Small Outline Package 

(referred to V - pin) Vapor Phase (60 seconds) 215°C 

(Note 1 ) -0.3V (Min) Infrared (15 seconds) 220°C 

Military and Industrial 36V See AN-450 “Surface Mounting Methods and Their Effect 

Commercial 32V on Product Reliability” for other methods of soldering sur- 

Current through Any Input Pin face mount devices. 

and Cathode Pin ±20 mA Package Thermal Resistance (Note 3) 

Differential Input Voltage Hermetic DIP J1 6 100°C/W 

Military and Industrial +36V Molded DIP N1 6 95°C/W 

Commercial ±32V Molded SO Ml 6 Wide 140°C/W 

Short Circuit Duration, Op Amp (Note 2) Continuous ESD Tolerance (Note 4) 

Storage Temperature Range -65°C to + 1 50°C ^qo pF +250V 

Maximum Junction Temperature 150°C ......... . ,. . 

Absolute maximum ratings indicate limits beyond which 

Operating Junction Temperature Range ^ TMin to TMax damage to the component may occur. Electrical specifica- 

LM614M — 55°C to +125°C f /ons do not app iy w p en operating the device beyond its 

— 40°C to + 85°C ra ted operating conditions. 

LM614C 0°Cto+70°C 

Electrical Characteristics 

These specifications apply for V - = GND = 0V, V + = 5V, V CM = V + /2, V 0 ut = V + /2, Ir = 100 p A, FEEDBACK pin 
shorted to GND, any package, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type 
apply for T Min to T Max . 

Para- 

meter 

Conditions 

Typ- 

ical 

(Note 5) 

LM614M 

LM614AI, LM614I 

LM614C 

Units 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Total 

Supply 

Current 

V + Current, Rload = 00 . 

4V ^ V + ^ 36V OverTj Range 
(Commercial 32V) 

450 

550 

900 

IOOO 


940 

1000 

1000 

1070 

juA max 
juA max 

Supply 

Voltage 

Range 

Meets Total Supply Current, and 

See Vr Change with V + Change Test 

2.2 

2.9 

2.8 

3 


2.8 

3 

2.8 

3 

V min 

V min 

46 

43 

36 

36 


36 

36 

32 

32 

V max 

V max 

OPERATIONAL AMPLIFIERS 

Vos 

Over 

Supply 

4V ^ V + <; 36V 

(4V ^ V + ^ 32V Commercial) 

±1.5 

±2.0 

±3.5 

±5.0 


±3.5 

±6.0 

±5.0 

±7.0 

mV max 
mV max 

Vos 

Over 

Vcm 

Vcm = 0V through Vqm = 

(V + - 1.4V), V + = 30V 

±1.0 

±1.5 

±3.5 

±5.0 


±3.5 

±6.0 

±5.0 

±7.0 

mV max 
mV max 

Average 

Vos 

Drift 

LM61 4M & Al, Op Amp 3 Only 
(Note 8) 

15 

25 


30 




julV/°C 

max 

Input 

Bias 

Current 

■b+in an d Ib_in 

-10 

-11 

±20 

±25 


±25 

±30 

±35 

±40 

nA max 
nA max 

Input 

Offset 

Current 

■os = ■b+IN “ Ib_IN 

±0.2 

±0.3 

±4 

±4 


±4 

±5 

±4 

±5 

nA max 
nA max 

Average 

■os 

Drift 


±4 







pA/°C 
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Electrical Characteristics (continued) 

These specifications apply for V“ = GND = OV, V + = 5V, Vqm = V + /2, V 0 UT = V + /2, l R = 100 jj.A, FEEDBACK pin 
shorted to GND, any package, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type 
apply for T M in to T Max . 

Para- 

meter 

Conditions 

Typ- 

ical 

(Note 5) 

LM614M 

LM614AI, LM614I 

LM614C 

Units 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Input 

Resist- 

ance 

Differential: 

Common-Mode: 

1800 

3800 







Mn 

m a 

Input 

Cap. 

C-to-GND, Non-Inverting Input 
of Follower 

5.7 







PF 

Voltage 

Noise 

100 Hz, Input Referred 

74 







nV/VRz 

Current 

Noise 

1 00 Hz Bias Current Noise 

58 







fA/i/Hz 

Common 

-Mode 

Reject 

Ratio 

V + = 30 V, 

0V ^ V C m ^ (V + - 1.4V), 

CMRR = 20 log {AV C m/AV 0 s) 

95 

90 

85 

80 


80 

75 

75 

70 

dB min 

dB min 

Power 

Supply 

Reject 

Ratio 

4V ^ V + ^ 30V, V C m = V + /2, 
PSRR = 20 log { AV + /AV 0S } 

110 

100 

85 

80 


80 

75 

75 

70 

dB min 

dB min 

Voltage 

Gain, 

Open 

Loop 

R L = 10 kH to GND, V + = 30V, 
5V ^ Vqut ^ 25V, Open-Loop 
A V = |AV 0 ut/AV| ND | FF | 

500 

50 

100 

40 


100 

40 

94 

40 

V/mV 

min 

Slew 

Rate 

V + = 30V (Note 9) 

±0.70 

+ 0.65 

±0.55 

±0.45 


±0.55 

±0.45 

±0.50 

±0.45 

V/juls 

min 

Gain- 

Band- 

width 

Closed Loop Gain = -1000, 

-3 dB Frequency X Gain, 

C L = 50 pF 

0.79 

0.52 







MHz 

Output 

Voltage 

Swing 

High 

R L = lOkfttoGND 

V + = 36V (32V Commercial) 

V + - 1.4 

V + - 1.6 

V + - 1.6 

V" - 1.8 


V + - 1.7 

V + - 1.9 

V + - 1.8 

V + - 1.9 

V min 

V min 

Output 

Voltage 

Swing 

Low 

R L = 10katoV + 

V + = 36 V (32 V Commercial) 

V - + 0.8 

V" + 0.9 

V" + 0.90 

V“ + 1.0 


V" + 0.90 

V“ + 1.0 

V" + 0.95 

V~ + 1.0 

V max 

V max 

Iout 

Source 

V 0 UT= V + -2.5V, V+in = 0V, 
V_| N 0.3V 

-25 

-15 

-20 

-13 


-20 

-13 

-16 

-13 

mA max 
mA max 
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Electrical Characteristics (continued) 

These specifications apply for V~ = GND = OV, V + = 5V, V C m = V + /2, V 0 ut = V + /2, l R = 100 juA, FEEDBACK pin 
shorted to GND, any package, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type 
apply for T Min to T Max . 

Para- 

meter 

Conditions 

Typ- 

ical 

(Note 6) 

LM614M 

LM614AI, LM614I 

LM614C 

Units 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

•out 

Sink 

VoUT = 1.6V, V + in = 0V, 

V_| N = 0.3V 

17 

9 

15 

8 


14 

11 

13 

11 

mA min 

mA min 

Short- 

Circuit 

Current 

Vqut = 0V, V + in = 3V, 

V_in = 2V, Source: 

-30 

-40 

-37 

-46 


-40 

-48 

-43 

-50 

mA min 

mA min 

V 0 ut = 5V,V+| N = 2V, 

V_| N = 3V, Sink: 

30 

32 

40 

60 


60 

80 

70 

90 

mA max 

mA max 

VOLTAGE REFERENCE (Note 10) 

Refer- 

ence 

Voltage 


1.244 

1.2390 

1.2490 

(±0.4%) 


1.2365 

1.2515 

(±0.6%) 


1.2191 

1.2689 

(±2%) 


V min 

V max 

Average 

Temp. 

Drift 

(Note 11) 

LM614AI 

10 

20 


20 

80 


150 

PPM/C 

max 

Average 

Time 

Drift 

Tj = 40°C 

Tj = 150°C 

400 

1000 







PPM/ 

kHr 

PPM/ 

kHr 

Hyster- 

esis 

Hyst = (Vro' - Vro)/ATj 
(Note 12) 

±3.2 







JLlV/C 

Vr 

Change 

with 

Current 

Vr[100 jliA] “ V R [16 ^A] 

0.05 

O.l 

±1 

±1 


±1 

±1.1 

±1 

±1.1 

mV max 

mV max 

Vr[ 10 mA] “ Vr[100 jllA] 

(Note 13) 

1.5 

3.0 

5 

5 


5 

5.5 

5 

5.5 

mV max 

mV max 

Resis- 

tance 

AVr[io -► o.l mA]/9.9 mA: 
AVr[ 10 o -► 16 jaA]/84 ft A: 

0.2 

0.6 


0.51 

12 


0.56 

13 


0.56 

13 

ft max 

ft max 

Vr 

Change 

with 

High 

Vro 

v R[Vro = Vr] “ V R [vr 0 = 6.3V] 
(5.06V between Anode and 
FEEDBACK] 

2.5 

2.8 

5 

8 


7 

10 

7 

10 

mV max 

mV max 

Vr 

Change 

with 

v + 

Change 

V R[V+ = 5V] “ V R[V+ = 36V] 
(V + = 32V Commercial) 

0.1 

0.1 

±1.2 

±1.2 


±1.2 

±1.3 

±1.2 

±1.3 

mV max 

mV max 

V R[V+ = 5V] ” V R[V+ = 3V] 

0.01 

O.OI 

±1 

±1 


±1 

±1.5 

±1 

±1.5 

mV max 

mV max 

FEED- 

BACK 

Bias 

Current 

•fb; VanODE £ V FB £ 5.06V 

-22 

-29 

-35 

-40 


-35 

-40 

-50 

-55 

nA min 

nA min 

Vr 

Noise 

1 0 Hz to 1 0,000 Hz, Vro = V R 








P'Vrms 



3-547 


LM614A/LM614 



LM614A/LM614 


Electrical Characteristics Notes 

Note 1: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltage on all pins. When any pin is pulled a diode drop below V~, 
a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined and 
unpredictable when any parasitic diode or transistor is conducting. 

Note 2: Simultaneous short-circuit of multiple op amps and reference while using high supply voltages may force junction temperature above maximum, and thus 
should not be continuous. 

Note 3: Junction temperature may be calculated using Tj = + P D 0j A . The given thermal resistances are worst-case for packages in sockets in still air. Nominal 

0jA are 85°C/W for LM614 in J package, 80°C/W for the N package, and 1 10°C/W for the WM package, for packages soldered to copper-clad board with 
dissipation from one op amp or reference output transistor. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Typical values in standard typeface are for Tj = 25°C; values in boldface type apply to the military temperature range. These values represent the most 
likely parametric norm. 

Note 6: Tested limits are guaranteed and 100% tested. 

Note 7: Design limits are guaranteed via correlation, but are not 100% tested. 

Note 8: Offset voltage drift is calculated from the measurement of the offset voltage at 25°C and at the temperature extremes. The drift is A Vos/ AT, where AVos 
is the lowest value subtracted from the highest, and AT is the temperature range. 

Note 9: Slew rate is measured with the op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25 V, and the output 
voltage transition is sampled at 10V and 20 V. For falling slew rate, the input voltage is driven from 25 V to 5V, and the output voltage transition is sampled at 20V 
and 10V. 

Note 10: V ro is the Cathode-to-Anode voltage (i.e. the reference output voltage, 1.2V to 6.3V). V r is the Cathode-to-FEEDBACK voltage (nominally 1.2V). 

Note 11: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
10 6 «AVr/Vr[ 25 °c]*ATj, where AVr is the lowest value subtracted from the highest, Vr[25«c] is the value at 25*0, and ATj is the temperature range. 

Note 12: Hysteresis is AVrq/ATj, where AVrq is the change in Vro caused by a change in Tj, after the reference has been “dehysterized”. To dehysterize the 
reference, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 125°C, -55°C, 85°C, -40°C, 70°C, 0°C, 25°C. 

Note 13: Low contact resistance is required for accurate measurement. 

Simplified Schematic Diagrams 


Op Amp 



TL/H/9326-2 


Reference Bias 



TL/H/9326-3 
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FEEDBACK CURRENT (nA) REFERENCE VOLTAGE (V) REFERENCE VOLTAGE CHANGE (mV) REFERENCE VOLTAGE (V) 


Typical Performance Characteristics (Reference) 

Tj = 25°C, FEEDBACK pin shorted to V - = OV, unless otherwise noted 


Reference Voltage 

vs Temperature Accelerated Reference 

on 5 Representative Units Reference Voltage Drift Voltage Drift vs Time 



JUNCTION TEMPERATURE (C) ™ E ( Hours ) TIME BIASED AT 150°C (hrs) 


Reference Voltage vs Reference Voltage vs Reference Voltage vs 

Current and Temperature Current and T emperature Reference Current 



2x10"® 2x1(T 5 2x10 -4 2x10 -3 2x10’ 2 2x10"® 2x10" 5 2x10" 4 2x10" 3 2x10“ 2 -10 -2 -10“ 4 ±10"® 10“ 4 10" 2 


REFERENCE CURRENT (A) REFERENCE CURRENT (A) REFERENCE CURRENT (A) 

FEEDBACK Current vs 

Reference Voltage vs Reference AC FEEDBACK-to-Anode 



-10" 2 -10" 4 ±10"® 10" 4 10“ 2 10'® 10" 5 10‘ 4 10“ 3 10" 2 10 H -1 0 1 2 3 4 5 6 10 20 30 40 


REFERENCE CURRENT (A) REFERENCE SHUNT CURRENT (A) ANODE - TO - FEEDBACK VOLTAGE (V) 


FEEDBACK Current vs 

FEEDBACK-to-Anode Reference Noise Voltage Reference Small-Signal 

Voltage vs Frequency Resistance vs Frequency 



-1 0 1 2 3 4 5 6 10 20 30 40 1 10 100 1000 10000 10 2 10 3 10 4 10 5 10® 

ANODE -TO -FEEDBACK VOLTAGE (V) FREQUENCY (Hz) FREQUENCY (Hz) TL/H /9326-4 
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Typical Performance Characteristics (Reference) (Continued) 

Tj = 25°C, FEEDBACK pin shorted to V - = OV, unless otherwise noted 


Reference Power-Up Time 
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Typical Performance Characteristics (Op Amps) 

V+ = 5V, V- = GND = OV, V CM = v+/2, Vqut = V+ /2 > T j = 25°C, unless otherwise noted 


Input Common-Mode 
Voltage Range vs 
Temperature 


NORMAL OPERATING RANGE 1 


| — p| | | OUTPUT GOES LOW | 

-60-40-20 0 20 40 60 80 100120140 
JUNCTION TEMPERATURE (C) 


Vos vs Junction 
Temperature on 9 
Representative Units 


-60 -40-20 0 20 40 60 80 100120140 
JUNCTION TEMPERATURE (C) 


Input Bias Current vs 
Common-Mode Voltage 



-1 0 1 2 3 4 5 10 20 40 60 
INPUT VOLTAGE (V) 


Slew Rate vs Temperature 
and Output Sink Current 



02 

..mi 

-60-40-20 0 20 40 60 80 100120140 
JUNCTION TEMPERATURE (C) 


Large-Signal 
Step Response 



10 20 30 40 50 

TIME (jis ) 


Output Voltage Swing 
vs Temp, and Current 



-60-40-20 0 20 40 60 80 100120140 
JUNCTION TEMPERATURE (C) 
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NOISE VOLTAGE (nVrms//Hz) IMPEDANCE (fl) OUTPUT CURRENT (mA) 


ypical Perf 
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Output Sinx uurrem vs 
Output Voltage and Temp. 
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Op Amp Voltage Noise 
vs Frequency 
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Small-Signal Voltage Gain 
vs Frequency and Load 
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Typical Performance Distributions 


Average Vqs Drift 
Military Temperature Range 



Vos DRIFT (/^V/C) 

TL/H/9326-29 


Average Vqs Drift 
Commercial Temperature Range 



Vos DRIFT (jiV/C) 

TL/H/9326-31 


Average Iqs Drift 
Industrial Temperature Range 

20 -| 1 



los DRIFT (pA/C) 

TL/H/9326-33 


Average Vqs Drift 
Industrial Temperature Range 



Vos DRIFT GuV/C) 

TL/H/9326-30 


Average Iqs Drift 
Military Temperature Range 



los DRIFT (pA/C) 

TL/H/9326-32 


Average Iqs Drift 
Commercial Temperature Range 
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Typical Performance Distributions (Continued) 


Voltage Reference Broad-Band Op Amp Voltage 

Noise Distribution Noise Distribution 


Op Amp Current 
Noise Distribution 



100 Hz 

Amps 1, 2, 3, 4 








1 


ol 

0 8 16 24 32 40 48 56 64 7280 88 96 



VOLTAGE NOISE (a*V rms ) 

TL/H/9326-35 


VOLTAGE NOISE (nV RMS /VHz) 

TL/H/9326-36 


CURRENT NOISE (fA RMS /Vfiz) 

TL/H/9326-37 


Application information 

VOLTAGE REFERENCE 
Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zener diode. With current l r flowing in 
the ‘forward’ direction there is the familiar diode transfer 
function. I r flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. The 
cathode may swing from a diode drop below V - to the ref- 
erence voltage or to the avalanche voltage of the parallel 
protection diode, nominally 7V. A 6.3V reference with V + = 
3V is allowed. 


1 6 ^tA^lr^20 mA 


Cathode 


1 .2<Vro<6.3Vi 


Vr _ 


1 0~5.1 V 
Anode committed to V“ 


Vr= 1.2V 


FEEDBACK 


TL/H/9326-9 

FIGURE 1. Voltages Associated with Reference 
(Current Source l r is External) 

The reference equivalent circuit reveals how V r is held at 
the constant 1 .2V by feedback, and how the FEEDBACK pin 
passes little current. 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 
ence voltage. Varying that voltage, and so varying l r , has 
small effect with the equivalent series resistance of less 
than an ohm at the higher currents. Alternatively, an active 
current source, such as the LM134 series, may generate l r . 
Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range typical curve for capaci- 
tance values — from 20 juA to 3 mA any capacitor value is 
stable. With the reference’s wide stability range with resis- 
tive and capacitive loads, a wide range of RC filter values 
will perform noise filtering. 


Cathode 



FIGURE 2. Reference Equivalent Circuit 


5V 



Adjustable Reference 

The FEEDBACK pin allows the reference output voltage, 
V ro . to vary from 1 .24V to 6.3V. The reference attempts to 
hold V r at 1.24V. If V r is above 1.24V, the reference will 
conduct current from Cathode to Anode; FEEDBACK cur- 
rent always remains low. If FEEDBACK is connected to An- 
ode, then V ro = V r = 1 .24V. For higher voltages FEED- 
BACK is held at a constant voltage above Anode— say 
3.76V for V ro = 5V. Connecting a resistor across the cons- 
tant V r generates a current l = R1/V r flowing from Cathode 
into FEEDBACK node. A Thevenin equivalent 3.76V is gen- 
erated from FEEDBACK to Anode with R2 = 3.76/1. Keep I 
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Application Information (Continued) 

greater than one thousand times larger than FEEDBACK 
bias current for <0.1% error— 1^32 juA for the military 
grade over the military temperature range (I ^ 5.5 fi A for a 
1 % untrimmed error for a commercial part.) 


15V 



TL/H/9326-12 

FIGURE 4. Thevenin Equivalent 
of Reference with 5V Output 


15V 



R1 

39k 


I = 32 A 


TL/H/9326-13 


R1 = Vr/I = 1.24/32jul = 39k 
R2 = R1 {(Vro/Vr) - 1 } = 39k {(5/1.24) - 1)1 = 118k 
FIGURE 5. Resistors R1 and R2 Program 
Reference Output Voltage to be 5V 
Understanding that V r is fixed and that voltage sources, re- 
sistors, and capacitors may be tied to the FEEDBACK pin, a 
range of V r temperature coefficients may be synthesized. 


15V 



FIGURE 6. Output Voltage has Negative Temperature 
Coefficient (TC) if R2 has Negative TC 


15V 



FIGURE 7. Output Voltage has Positive TC 
if R1 has Negative TC 


15V 



across R1 and R2 to be Proportional to Absolute 
Temperature (PTAT) 

Connecting a resistor across Cathode-to-FEEDBACK cre- 
ates a 0 TC current source, but a range of TCs may be 
synthesized. 


v 



v 


TL/H/9326-17 

I = Vr/R1 = 1.24/R1 


FIGURE 9. Current Source is Programmed by R1 
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Application Information (Continued) 



TL/H/9326-18 

FIGURE 10. Proportional-to-Absolute-Temperature 
Current Source 



TL/H/9326-19 

FIGURE 11. Negative-TC Current Source 
Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary — al- 
ways check the data sheet for any given device. Do not 
assume that no specification means no hysteresis. 

OPERATIONAL AMPLIFIERS 

Any amp or the reference may be biased in any way with no 
effect on the other amps or reference, except when a sub- 
strate diode conducts (see Guaranteed Electrical Charac- 
teristics Note 1). One amp input may be outside the com- 


mon-mode range, another amp may be operated as a com- 
parator, another with all terminals floating with no effect on 
the others (tying inverting input to output and non-inverting 
input to V“ on unused amps is preferred). Choosing operat- 
ing points that cause oscillation, such as driving too large a 
capacitive load, is best avoided. 

OP Amp Output Stage 

These op amps, like their LM124 series, have flexible and 
relatively wide-swing output stages. There are simple rules 
to optimize output swing, reduce cross-over distortion, and 
optimize capacitive drive capability: 

1) Output Swing: Unloaded, the 42 jllA pull-down will bring 
the output within 300 mV of V~ over the military tempera- 
ture range. If more than 42 jtxA is required, a resistor from 
output to V“ will help. Swing across any load may be 
improved slightly if the load can be tied to V + , at the cost 
of poorer sinking open-loop voltage gain 

2) Cross-over Distortion: The LM614 has lower cross-over 
distortion (a 1 Vbe deadband versus 3 Vbe for the 
LM124), and increased slew rate as shown in the charac- 
teristic curves. A resistor pull-up or pull-down will force 
class-A operation with only the PNP or NPN output tran- 
sistor conducting, eliminating cross-over distortion 

3) Capacitive Drive: Limited by the output pole caused by 
the output resistance driving capacitive loads, a pull- 
down resistor conducting 1 mA or more reduces the out- 
put stage NPN r e until the output resistance is that of the 
current limit 25fl. 200 pF may then be driven without os- 
cillation. 

OP Amp Input Stage 

The lateral PNP input transistors, unlike most op amps, 
have BVebo equal to the absolute maximum supply voltage. 
Also, they have no diode clamps to the positive supply nor 
across the inputs. These features make the inputs look like 
high impedances to input sources producing large differen- 
tial and common-mode voltages. 

Typical Applications 

For typical applications, refer to the LM124 Op Amp and 
LM185 Adjustable Reference datasheets. 
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National 

Semiconductor 


LM627/LM637 

Precision Operational Amplifiers 


General Description 

The LM627/LM637 series feature extremely low noise and 
excellent precision along with high speed. Voltage noise is a 
low 3 nVA/Hz in the flat band and rises to only 3.5 nVA/Hz at 
10 Hz. The A grades offer guaranteed specifications of 
25 fiV offset voltage and 0.3 jaV/°C drift, and their guaran- 
teed 126 dB CMRR, 120 dB PSRR and voltage gain of 5 
Million ensure an ultra-low Vqs under all conditions. 

The unity-gain stable LM627 is nearly twice as fast as the 
OP-27 with a slew rate of 4.5 V/ju,s and a 14 MHz gain- 
bandwidth product. Stable at gains of 5 or more, the decom- 
pensated LM637 is considerably faster. 

Other enhancements of the LM627/LM637 include a guar- 
anteed 600H load drive capability over temperature: ± 1 0V 
output swing at voltage gains over one million. Bias current 
has been reduced to 10 nA for the A and B grades and 
25 nA for the C grade. Furthermore the LM627 may be over- 
compensated to allow it to drive capacitive loads up to 
2000 pF while maintaining its superb dc specs. 


Features 

■ Low Noise 3nV/>/Hz@1kHz 

3.5 nVA/Hz@ 10 Hz 

■ Low Vqs 25 J uV Max 

■ Low Drift 0.3 jnV/°C Max 

■ Offset Drift 100% Tested (A and B grades) 

■ Noise Voltage 100% Tested (A and B grades) 

■ High Gain 5 Million Min 

a High CMRR 126 dB Min 

■ High PSRR 120 dB Min 

■ High Speed 

LM627: 1 4 MHz Gain-Bandwidth 

4.5 V/ju,s Slew Rate 

LM637: 65 MHz Gain-Bandwidth 

14 V/juLS Slew Rate 

a Guaranteed 600fl drive over temperature 
b Wide Power Supply Range + 3.5V to ±18V 

a Overcompensation Pin Allows driving high Cl 


Connection Diagrams 

Metal Can Package 



DIP Packages 



TL/H/9212-2 


Ordering Information 

LM627 LM637 


Package 

Temperature Range 

NSC 

Drawing 

Military 

Commercial 

TO-99 

LM627AMH 

LM627BMH 

LM627ACH 

LM627BCH 

LM627CH 

H08C 

8-Pin 

Cerdip 

LM627AMJ 

LM627BMJ 

LM627ACJ 

LM627BCJ 

LM627CJ 

J08A 

8-Pin 

Molded 

DIP 


LM627ACN 

LM627BCN 

LM627CN 

N08E 


Package 

Temperature Range 

NSC 

Drawing 

Military 

Commercial 

TO-99 

LM637AMH 

LM637BMH 

LM637ACH 

LM637BCH 

LM637CH 

H08C 

8-Pin 

Cerdip 

LM637AMJ 

LM637BMJ 

LM637ACJ 

LM637BCJ 

LM637CJ 

J08A 

8-Pin 

Molded 

DIP 


LM637ACN 

LM637BCN 

LM637CN 

N08E 
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Absolute Maximum Ratings (Note d 






If Military/Aerospace specified devices are required, 

Storage Temperature Range 

— 65°Cto +150°C 

please contact the 

National Semiconductor Sales 

Lead Temperature (Soldering, 5 sec.) 

260°C 

Office/Distributors for availability and specifications. 

Maximum Junction TemDerature 


150°C 

Differential Input Overdrive Current (Note 7) 

±25 mA 

ESD Ratina 



3 kV 

Supply Voltage 


44V 

CZAP 

= 100 pF, Rzap = 1 -5 kft 



Input Voltage 

Supply Voltage 






Output Short Circuit to Gnd Continuous 

Operating Ratings 



Power Dissipation (Note 8) 


Temperature Range (Note 8) 



Molded DIP 


1300 mW 

AM and BM grades 


-55°C <1 Tj < 

+ 1 25°C 

Ceramic DIP 


1190 mW 

AC, BC, and C grades 

— 25°C ^ Tj £ +85°C 

Metal Can 


830 mW 






Electrical Characteristics All limits guaranteed for Tj = 25°C, Vcm = o, Vo = 0 and ± 15V supplies unless 

otherwise specified. Boldface limits apply at operating temperature extremes. 






LM627AM 

LM627BM 





LM637AM 

LM637BM 


Parameter 

Conditions 

Typ 

Tested 

Design 

Tested 

Design 

Units 




Limit 

Limit 

Limit 

Limit 





(Note 5) 

(Note 6) 

(Note 5) 

(Note 6) 


Input Offset Voltage 

(Note 2) 

15 

25 


50 


juV 




55 


110 


Max 

Input Offset 

(Note 3) 

0.2 

0.3 


0.6 


ju,V/°C 

Voltage Drift 







Max 

Input Offset Voltage 


0 2 





ju,V/mo 

Long Term Stability 







Max 

Input Bias Current 


3 

10 


10 


nA 




20 


20 


Max 

Input Offset Current 


2 

10 


10 


nA 




20 


20 


Max 

Input Noise Voltage 

0.1 to 10Hz 

0.08 


0.18 


0.18 

fiVp-p 








Max 

Input Noise 

f = 10Hz 

3.5 

5.5 


5.5 


n\/ 

Voltage Density 

N 

X 

o 

CO 

II 

3.1 

4.5 


4.5 




f = 1kHz 

3.0 

3.8 


3.8 



Input Noise 

f = 10Hz 

1.7 





r»A/./P^ 

Current Density 

f = 30Hz 

1.0 





Max 


f - 1kHz 

0.4 






Input Resistance 

Common-Mode 

20 





Gfl 

Input Voltage Range 


±12 

±11.5 


±11.5 


V 




±10.5 


10.5 


Min 

Common-Mode 

V CM = ± 1 1.5V 

140 

126 


126 


dB 

Rejection Ratio 

V CM = ± 10.5V 


120 


120 


Min 

Power Supply 

V s = ±3.5V to ± 18V 

140 

120 


120 


dB 

Rejection Ratio 



117 


117 


Min 

Large-Signal 

V 0 = ± 12V 

10000 

5000 


5000 



Voltage Gain 

R L ^ 2 k Cl 


3000 


2000 




V 0 = ± 10V 

7000 

4000 


3500 


V/mV 


R|_ :> 1 kn 


2000 


1500 


Min 


r l ^ 6ooa 

6000 

3000 


2000 






1500 


lOOO 
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Electrical Characteristics (Continued) 





LM627AM 

LM627BM 





LM637AM 

LM637BM 


Parameter 

Conditions 

Typ 

Tested 

Design 

Tested 

Design 

Units 




Limit 

Limit 

Limit 

Limit 





(Note 5) 

(Note 6) 

(Note 5) 

(Note 6) 


Output Voltage 

R l ^ 2 kft 

±13.8 

±13 


±13 



Swing 



±12.5 


±12.5 


V 


R l ^ 600ft 

±12.5 

±11 


±11 


Min 




±10.5 


±10.5 



Slew Rate 

LM627 _ 2k 

LM637 RL_2k 

4.5 

14 


3 

10 


3 

10 

V/JLIS 

Min 

Gain-Bandwidth 

10KHZ 

LM637 

14 


10 


10 

MHz 

Product 

65 


45 


45 

Min 

Output Resistance 

Open Loop 

50 





ft 

Supply Current 


3 

4.5 


4.5 


mA 




5.5 


5.5 


Max 

Offset Adjust Range 

R P ^ lOkft 

±2 

1 




mV 


Electrical Characteristics All limits guaranteed for Tj = 25°C, Vqm = 0, Vq = 0 and ±15V supplies unless 
otherwise specified. Boldface limits apply at operating temperature extremes. 





LM627AC 

LM627BC 

LM627C 





LM637AC 

LM637BC 

LM637C 


Parameter 

Conditions 

Typ 

Tested 

Design 

Tested 

Design 

Tested 

Design 

Units 




Limit 

Limit 

Limit 

Limit 

Limit 

Limit 





(Note 5) 

(Note 6) 

(Note 5) 

(Note 6) 

(Note 5) 

(Note 6) 


Input Offset Voltage 

(Note 2) 

15 

25 


50 


100 

210 

1 »V 




50 


110 




Max 

Input Offset 

(Note 3) 

0.2 

0.6 


1.0 



1.8 

ju,V/°C 

Voltage Drift 









Max 

Input Offset Voltage 

(Note 4) 

0.2 







jaV/mo 

Long Term Stability 









Max 

Input Bias Current 


3 

10 

20 

10 

20 

25 

50 

nA 










Max 

Input Offset Current 


2 

10 

20 

10 

20 

25 

50 

nA 










Max 

Input Noise Voltage 

0.1 to 10 Hz 

0.08 


0.18 


0.18 


0.25 

/xVp-p 










Max 

Input Voltage 

f = 10 Hz 

3.5 

5.5 


5.5 



8.0 

nV/yffiz 

Max 

Noise Density 

f = 30 Hz 

3.1 

4.5 


4.5 



5.6 


f = 1 kHz 

3.0 

3.8 


3.8 



4.5 

Input Noise 

f = 10 Hz 

1.7 







pA//Hz 

Max 

Current Density 

f = 30 Hz 

f = 1 kHz 

1.0 

0.4 







Input Resistance 

Common Mode 

20 







Gft 

Input Voltage 


±12 

±11.5 

±11 

±11.5 

±11 

±11.5 

±11 

V 

Range 









Min 

Common-Mode 

V C m = ±11.5V 

140 

126 

120 

126 

120 

120 

116 

dB 

Rejection Ratio 

V CM = -11V 








Min 

Power Supply 

V s = ±3.5V to ± 18V 

140 

120 

117 

120 

117 

110 

108 

dB 

Rejection Ratio 









Min 


3-559 


LM627/LM637 




LM627/LM637 


Electrical Characteristics (Continued) 





LM627AC 

LM627BC 

LM627C 





LM637AC 

LM637BC 

LM637C 


Parameter 

Conditions 

Typ 

Tested 

Design 

Tested 

Design 

Tested 

Design 

Units 




Limit 

Limit 

Limit 

Limit 

Limit 

Limit 





(Note 5) 

(Note 6) 

(Note 5) 

(Note 6) 

(Note 5) 

(Note 6) 


Large-Signal 

V 0 = ± 12V 

10000 

5000 

3000 

5000 

3000 

4000 

2500 


Voltage Gain 

R L ^ 2 ka 

V Q = ± 10V 

r l ^ i ka 

7000 

4000 

2500 

3500 

2000 

2500 

1500 

V/mV 

Min 


r l ;> 600a 

6000 

3000 

2000 

2000 

1500 

1500 

1000 


Output Voltage 

r l ^ 2 ka 

±13.8 

±13 

±12.5 

±13 

±12.5 

±13 

±12.5 

V 

Swing 

r l ^ 6 ooa 

±12.5 

±11 

±10.5 

±11 

±10.5 

±10.5 

±io 

Min 

Slew Rate 

LM627 _ 

LM637 Rl = 2K 

4.5 

14 


3 

10 


3 

10 


3 

10 

V/jms 

Min 

Gain-Bandwidth 

f = 10 kHz 

LM637 

14 


10 


10 


10 

MHz 

Product 

65 


45 


45 


45 

Min 

Output Resistance 

Open Loop 

50 







a 

Supply Current 


3 

4.5 

5 

4.5 

5 

4.8 

5.2 

mA 




! 






Max 

Offset Adjust Range 

Rp ^ 10 ka 

±2 







mV 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 


Note 2: Input offset voltage for A and B grades is tested and guaranteed with the device fully warmed up. See Figure 1 in the Application Hints for test circuit. 
Warmup drift is typically 5 ju.V settling out in 5 minutes. The LM627C/LM637C offset voltage is measured by automated test equipment within 200 ms of applying 
power. 

Note 3: Input offset voltage drift is defined as (Vos(85°C) - Vos(~25°C))/1 10°C for the industrial temperature range. For the military temperature range, the input 
offset voltage drift is measured from room temperature to both extremes: both (Vos(25 0 C)-Vos(-55°C))/80°C and (Vos(125°C) - Vos(25°C))/100°C. 

Note 4: Input offset voltage long term stability refers to the average trend line of Vqs vs. time over extended periods of time after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vqs during the first 30 days are typically 2 ju,V. 

Note 5: Guaranteed and 100% production tested. These limits are used to calculate outgoing quality levels. 

Note 6: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: Inputs are protected by back-to-back diodes to prevent zener breakdown of the input transistors. Series limiting resistors have not been included since they 
degrade noise performance. Excessive current may flow if a differential voltage in excess of 0.7V is applied. 

Note 8: For operation above 25°C, the maximum power dissipation specification must be derated. Typical junction-to-ambient thermal resistance of the molded DIP 
and the ceramic DIP are 95°C/W and 105°C/W respectively. The metal can package has a typical junction-to-ambient thermal resistance of 150°C/W and a typical 
junction-to-case thermal resistance of 1 7°C/W. 

Note 9: These units selected to illustrate the types of variations that may be encountered. (This note refers to particular curves within the Typical Performance 
Characteristics.) 
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Typical DC Performance Characteristics (LM627, lm 637 > 

Vs = ±15V, Ta = 25°C, Rl = 2k unless othewise indicated. 


Input Offset Voltage of 
5 Representative Units 
vs Temperature (Note 9) 



-75-50 -25 0 25 50 75 100 125 


Input Bias Current of 
3 Representative Units 
vs Temperature (Note 9) 



-75 -50 -25 0 25 50 75 100 125 


Input Offset Current of 
3 Representative Units 
vs Temperature (Note 9) 



-75-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 




0 5 10 15 20 25 30 35 40 45 



z 

Z 

e> 


Open Loop Gain 
vs Load Resistance 



100 Ik 10k 


TIME AFTER POWER APPLIED (Min) 


TOTAL SUPPLY VOLTAGE (V) 


LOAD RESISTANCE (A) 


Output Voltage Swing 
vs Load Resistance 



Input Common-Mode Limits 



TEMPERATURE (°C) 


Supply Current vs 



SUPPLY VOLTAGE (±V) 

TL/H/9212-9 


Typical Noise Characteristics <lm 627 , lm 637 ) 

V s = ±15 V.T a = 25°C 


! 

I 

i 

Ul 


Noise Voltage vs Frequency 



1 10 100 Ik 

FREQUENCY (Hz) 


Noise Current vs Frequency 
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LM627/LM637 


Typical AC Performance Characteristics (LM 627 ) 

V s = ±15V, Ta = 25°C, R|_ = 2k 


Open-Loop Gain and 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

Maximum Output Swing 



Ik 10k 100k 1M 

FREQUENCY (Hz) 


Large-Signal Pulse 
Response, Ay = + 1 


TIME (5 juts/ DIV) 


Gain-Bandwidth Product, 
Phase Margin vs Temperature 



Slew Rate vs Temperature 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Common-Mode Rejection 


58 B 

o 

56 e. 

z 

o 

54 1 
§ 

52 £ 

50 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Power Supply Rejection 




Ik 10k 100k 

FREQUENCY (Hz) 


1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Small-Signal Pulse 
Response, Ay = + 1 



+ 50 mV 


-50 mV 



TL/H/9212-12 


TIME (500 ns/DIV) 


TL/H/9212-13 
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Typical AC Performance Characteristics (LM637) 

V S = +15V, T A = 25'C, R l = 2k 




-75 -50 -25 0 25 50 75 100 125 


FREQUENCY (Hz) 


TEMPERATURE (°C) 

TEMPERATURE (°C) 


TL/H/9212-14 


Maximum Output Swing 


Common-Mode Rejection 


Power Supply Rejection 



10k 100k 1M 10M 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 

TL/H/9212-15 


Large-Signal Pulse 
Response, Av = + 5 


-h 10V 
0 

-10V 



TIME (1 jus/DIV) 


Small-Signal Pulse 
Response, Av = + 5 



TIME (200 ns/DIV) 


TL/H/9212-16 


TL/H/9212-17 
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Application Hints 

OFFSET VOLTAGE 

Offset voltage of the LM627/637 is internally trimmed to a 
very low value. The data sheet Vqs specification applies at 
Tj = 25°C, Vcm = 0 and ± 15V supplies. For other temper- 
atures, common-mode voltages, and supply voltages, tem- 
perature drift, common-mode rejection and power-supply re- 
jection errors must be taken into account. 

Since the LM627/LM637C offset voltage is measured within 
200 ms of applying power, the 5 juV typical warmup drift is 
not accounted for in the measurement. Fortunately, the 
warmup drift is a small fraction of its 1 00 jllV max offset. For 
the 25 j u,V A and 50jaV B grades, the offset voltage is mea- 
sured with the circuit of Figure 1 approximately 5 minutes 
after applying power. 

To measure Vos with high accuracy, Vqs must be amplified 
right at the device as shown; otherwise the offset voltage 
can be obscured by noise and thermoelectric voltages. 
Thermocouples occur in the devices, the 1C socket and the 
resistor across the device inputs (R2), all of which must be 
held isothermal. Usually best results are obtained by placing 
the circuit in a box or chamber to minimize airflow and em- 
ploying a long thermal soak time. R2 should be mounted 
symmetrically with respect to potential thermal gradients: 
e.g. not perpendicular to the board but instead parallel to 
the board and the device socket. In addition, R2 should 
have low thermal EMF. Cermet or nichrome metal film types 
are acceptable; avoid tin-oxide resistors. 

R1 



TL/H/9212-3 

FIGURE 1. Offset Voltage Test Circuit 
OFFSET NULLING 

This is usually not required on the LM627/637 family since 
its offset voltage is internally trimmed. An offset adjust 
range of approximately ± 2 mV is available using a single 1 0 
or 20 kft potentiometer as shown in Figure 2. With these 
values, the adjustment is relatively linear over the entire 
range. If a 100 kli potentiomer is used, the adjustment be- 
comes very coarse at the extremes (above 700 juV) but fine 
in the center, which makes it easier to precisely null the 
offset. For even more sensitivity, employ a pot in conjunc- 
tion with two fixed resistors. The circuit of Figure 3, which 
uses this technique, has an adjustment range of ± 200 jmV. 
Because adjusting the offset voltage of an LM627/637 will 
alter its offset voltage temperature drift, caution is advised. 


V+ 



TL/H/9212-4 

FIGURE 2. Offset Adjust Circuit 


v+ 


Pin 1 Pin 8 

10 kH 10 kH 10 kn 

TL/H/9212- 

FIGURE 3. Improved Sensitivity Offset Adjust 


Every 100ju,V of offset will produce a 0.33 ju,V/°C drift com- 
ponent. For this reason the offset adjust potentiometer 
should not be used to null out a sensor offset if system 
temperature drift is important; rather a stable voltage refer- 
ence must be added to the sensor voltage. Offset voltage 
drift is guaranteed by design for the LM627C either with or 
without external nulling. The higher precision A and B 
grades are 100% drift tested and guaranteed without nulling 
only. 

OVERCOMPENSATION 

Without any external compensation, the LM627 is stable at 
unity gain and up to 500 pF load capacitance. It has a slew 
rate of 4.5 V/jus and a gain-bandwidth product of 14 MHz. If 
desired, the amplifier may be overcompensated by adding 
external components as shown in Figure 4. This increases 
maximum capacitive loading to 2000 pF while decreasing 
slew rate to 1.5 V/jus and bandwidth to 1.5 MHz. If over- 
compensation of the LM627 (or the LM637) is not desired, 
pin 5 should be left open. 



NOISE 

When measuring spot noise voltage, a circuit as shown in 
Figure 5 is recommended. The DUT running at a gain of 
100 will not roll off until approximately 140 kHz. Adding the 
second gain of 100 amplifier brings total DUT-input-ref erred 
gain up to 10,000, which minimizes to minimize sensitivity to 
EMI in the environment. When measuring spot noise at 30 
Hz, it is recommended that the spectrum analyzer band- 
width be 20 Hz or less to minimize pickup at line frequency. 


100 A lOkfl 
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Application Hints (Continued) 

The circuit used to measure peak-to-peak noise voltage in 
the 0.1 to 10 Hz range is shown in Figure 6. The device 
should be warmed up for about 2 minutes and shielded from 
air currents to minimize warmup drift and thermoelectric 
voltages. The test time should be limited to only 10 sec- 
onds, as this limits noise contributions below 0.1 Hz, as 
does the single zero rolloff. The measuring equipment must 
be flat down to 0.1 Hz. DC coupling must be employed to 
ensure this. Certain types of X-Y plotters may not be usable 
because of severe rolloff above a few Hz. 



FIGURE 6. 0.1 Hz to 10 Hz Noise Test Circuit 
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National 

Semiconductor 


LM675 Power Operational Amplifier 


General Description 

The LM675 is a monolithic power operational amplifier fea- 
turing wide bandwidth and low input offset voltage, making it 
equally suitable for AC and DC applications. 

The LM675 is capable of delivering output currents in ex- 
cess of 3 amps, operating at supply voltages of up to 60V. 
The device overload protection consists of both internal cur- 
rent limiting and thermal shutdown. The amplifier is also in- 
ternally compensated for gains of 1 0 or greater. 

Features 

■ 3A current capability 

■ A VO typicaly 90 dB 

■ 5.5 MHz gain bandwidth product 

■ 8 V/jms slew rate 

■ Wide power bandwidth 70 kHz 


■ 1 mV typical offset voltage 

■ Short circuit protection 

■ Thermal protection with parole circuit (100% tested) 

■ 16V-60V supply range 

■ Wide common mode range 

■ Internal output protection diodes 

■ 90 dB ripple rejection 

■ Plastic power package TO-220 

Applications 

■ High performance power op amp 

■ Bridge amplifiers 

■ Motor speed controls 

■ Servo amplifiers 

■ Instrument systems 


Connection Diagram 


TO-220 Power Package (T) 


5 Vcc 
=> OUTPUT 
} -Vee 
ID -IN 
:> +IN 


TL/H/6739-1 

Front View 

Order Number LM675T 
See NS Package T05B 



Typical Applications 

Non-Inverting Amplifier 


+ Vcc 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 30V 

Input Voltage - Vee to Vcc 


Operating Temperature 0°C to + 70°C 

Storage T emperature - 65°C to + 1 50°C 

Junction Temperature 1 50°C 

Power Dissipation (Note 1 ) 30W 

Lead Temperature (Soldering, 1 0 seconds) 260°C 

ESD rating to be determined. 


Electrical Characteristics Vs= ±25V, Ta = 25°C unless otherwise specified. 


Parameter 

Conditions 

Typical 

Tested Limit 

Units 

Supply Current 

Pout = ow 

18 

50 (max) 

mA 

Input Offset Voltage 

v C m = ov 

1 

10 (max) 

mV 

Input Bias Current 

v CM = ov 

0.2 

2 (max) 

jwA 

Input Offset Current 

V CM = OV 

50 

500 (max) 

nA 

Open Loop Gain 

R|_ = ooft 

90 

70 (min) 

dB 

PSRR 

A V s = ±5V 

90 

70 (min) 

dB 

CMRR 

V| N = ±20V 

90 

70 (min) 

dB 

Output Voltage Swing 

R l = 8 Ct 

±21 

±18 (min) 

V 

Offset Voltage Drift Versus Temperature 

R s < 100 kn 

25 


jaV/°C 

Offset Voltage Drift Versus Output Power 


25 


julV/W 

Output Power 

THD = 1 %, f 0 = 1 kHz, R l = 8H 

25 

20 

W 

Gain Bandwidth Product 

f 0 = 20 kHz, A V CL = 1000 

5.5 


MHz 

Max Slew Rate 


8 


V/jULS 

Input Common Mode Range 


±22 

±20 (min) 

V 


Note 1: Assumes Ta equal to 70°C. For operation at higher tab temperatures, the LM675 must be derated based on a maximum junction temperature of 150°C. 


Typical Applications (Continued) 


Generating a Split Supply From a Single Supply 

+ 16V -► +60V 



V s = ±8V -> ±30V 


TL/H/6739-3 
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LM675 


Typical Performance Characteristics 



0.1 1.0 10 100 
POWER OUTPUT (W) 


S' 

■H 


Input Common Mode 
Range vs Supply Voltage 



0 5 10 15 20 25 30 

SUPPLY VOLTAGE (±V) 


Supply Current vs 
Supply Voltage 



0 5 10 15 20 25 30 

SUPPLY VOLTAGE (±V) 


PSRR vs Frequency 
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20 50 100 200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 


Device Dissipation vs 
Ambient Temperaturet 



0 10 20 30 40 50 60 70 80 
Ta-AMBIENT TEMPERATURE (°C) 
t0 INTERFACE = 1°C/W. 


See Application Hints. 


Current Limit vs 
Output Voltage 41 



0 5 10 15 20 25 30 


OUTPUT VOLTAGE (±V) 

*V S = ±25V 



S' 

•H 


LU 

1 


§ 

s 

Q- 


Output Voltage 



0 5 10 15 20 25 30 


19 15 20 25 30 


SUPPLY VOLTAGE (± V) 


SUPPLY VOLTAGE (±V) 


TL/H/6739-4 
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Application Hints 

STABILITY 

The LM675 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but, as with any other 
high-current amplifier, the LM675 can be made to oscillate 
under certain conditions. These usually involve printed cir- 
cuit board layout or output/input coupling. 

When designing a printed circuit board layout, it is important 
to return the load ground, the output compensation ground, 
and the low level (feedback and input) grounds to the circuit 
board ground point through separate paths. Otherwise, 
large currents flowing along a ground conductor will gener- 
ate voltages on the conductor which can effectively act as 
signals at the input, resulting in high frequency oscillation or 
excessive distortion. It is advisable to keep the output com- 
pensation components and the 0.1 /xF supply decoupling 
capacitors as close as possible to the LM675 to reduce the 
effects of PCB trace resistance and inductance. For the 
same reason, the ground return paths for these compo- 
nents should be as short as possible. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 
leads are long. The problem can be eliminated by placing a 
small capacitor (on the order of 50 pF to 500 pF) across the 
circuit input. 

Most power amplifiers do not drive highly capacitive loads 
well, and the LM675 is no exception. If the output of the 
LM675 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.1 jllF. The amplifier 
can typically drive load capacitances up to 2 juF or so with- 
out oscillating, but this is not recommended. If highly capaci- 
tive loads are expected, a resistor (at least 1 ft) should be 
placed in series with the output of the LM675. A method 
commonly employed to protect amplifiers from low imped- 
ances at high frequencies is to couple to the load through a 
10ft resistor in parallel with a 5 jaH inductor. 

CURRENT LIMIT AND SAFE OPERATING AREA 
(SOA) PROTECTION 

A power amplifier’s output transistors can be damaged by 
excessive applied voltage, current flow, or power dissipa- 
tion. The voltage applied to the amplifier is limited by the 
design of the external power supply, while the maximum 
current passed by the output devices is usually limited by 
internal circuitry to some fixed value. Short-term power dis- 
sipation is usually not limited in monolithic operational pow- 
er amplifiers, and this can be a problem when driving reac- 
tive loads, which may draw large currents while high volt- 
ages appear on the output transistors. The LM675 not only 
limits current to around 4A, but also reduces the value of the 
limit current when an output transistor has a high voltage 
across it. 

When driving nonlinear reactive loads such as motors or 
loudspeakers with built-in protection relays, there is a possi- 
bility that an amplifier output will be connected to a load 
whose terminal voltage may attempt to swing beyond the 
power supply voltages applied to the amplifier. This can 
cause degradation of the output transistors or catastrophic 
failure of the whole circuit. The standard protection for this 


type of failure mechanism is a pair of diodes connected be- 
tween the output of the amplifier and the supply rails. These 
are part of the internal circuitry of the LM675, and needn’t 
be added externally when standard reactive loads are 
driven. 

THERMAL PROTECTION 

The LM675 has a sophisticated thermal protection scheme 
to prevent long-term thermal stress to the device. When the 
temperature on the die reaches 170°C, the LM675 shuts 
down. It starts operating again when the die temperature 
drops to about 1 45°C, but if the temperature again begins to 
rise, shutdown will occur at only 150°C. Therefore, the de- 
vice is allowed to heat up to a relatively high temperature if 
the fault condition is temporary, but a sustained fault will 
limit the maximum die temperature to a lower value. This 
greatly reduces the stresses imposed on the 1C by thermal 
cycling, which in turn improves its reliability under sustained 
fault conditions. This circuitry is 100% tested without a heat 
sink. 

Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen for thermal resist- 
ance low enough that thermal shutdown will not be reached 
during normal operaton. Using the best heat sink possible 
within the cost and space constraints of the system will im- 
prove the long-term reliability of any power semiconductor. 

POWER DISSIPATION AND HEAT SINKING 

The LM675 should always be operated with a heat sink, 
even though at idle worst case power dissipation will be only 
1 .8W (30 mA x 60V) which corresponds to a rise in die tem- 
perature of 97°C above ambient assuming 0jA = 54°C/W 
for a TO-220 package. This in itself will not cause the thermal 
protectioncircuitrytoshutdowntheamplifierwhenoperatingat 
roomtemperature,butamere0.9Wofadditionalpowerdissipa- 
tion will shutthe amplifier down sinceTj will then increase from 
122°C (97°C + 25°C) to 170°C. 

In order to determine the appropriate heat sink for a given 
application, the power dissipation of the LM675 in that appli- 
cation must be known. When the load is resistive, the maxi- 
mum average power that the 1C will be required to dissipate 
is approximately: 

Vs 2 

Pd(MAX) ~ Z^R L + Pq 

where Vs is the total power supply voltage across the 
LM675, Ft|_ is the load resistance and Pq is the quiescent 
power dissipation of the amplifier. The above equation is 
only an approximation which assumes an “ideal” class B 
output stage and constant power dissipation in all other 
parts of the circuit. As an example, if the LM675 is operated 
on a 50V power supply with a resistive load of 8ft, it can 
develop up to 1 9W of internal power dissipation. If the die 
temperature is to remain below 150°C for ambient tempera- 
tures up to 70°C, the total junction-to-ambient thermal re- 
sistance must be less than 


150°C - 70°C 
19W 


= 4.2°C/W. 


Using 0 jq = 2°C/W, the sum of the case-to-heat sink inter- 
face thermal resistance and the heat-sink-to-ambient 
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Application Hints (Continued) 

thermal resistance must be less than 2.2°C/W. The case-to- 
heat-sink thermal resistance of the TO-220 package varies 
with the mounting method used. A metal-to-metal interface 
will be about 1°C/W if lubricated, and about 1.2°C/W if dry. 
If a mica insulator is used, the thermal resistance will be 
about 1.6°C/W lubricated and 3.4°C/W dry. For this exam- 
ple, we assume a lubricated mica insulator between the 
LM675 and the heat sink. The heat sink thermal resistance 
must then be less than 

4.2°C/W - 2°C/W - 1.6°C/W = 0.6°C/W. 

This is a rather large heat sink and may not be practical in 
some applications. If a smaller heat sink is required for rea- 
sons of size or cost, there are two alternatives. The maxi- 
mum ambient operating temperature can be restricted to 
50°C (122°F), resulting in a 1.6°C/W heat sink, or the heat 

Typical Applications (Continued) 


sink can be isolated from the chassis so the mica washer is 
not needed. This will change the required heat sink to a 
1.2°C/W unit if the case-to-heat-sink interface is lubricated. 
The thermal requirements can become more difficult when 
an amplifier is driving a reactive load. For a given magnitude 
of load impedance, a higher degree of reactance will cause 
a higher level of power dissipation within the amplifier. As a 
general rule, the power dissipation of an amplifier driving a 
60° reactive load will be roughly that of the same amplifier 
driving the resistive part of that load. For example, some 
reactive loads may at some frequency have an impedance 
with a magnitude of 8 n and a phase angle of 60°. The real 
part of this load will then be 8U x cos 60° or 4ft, and the 
amplifier power dissipation will roughly follow the curve of 
power dissipation with a 4ft load. 


Non-Inverting Unity Gain Operation 


v+ 



RlC ^ 2-7T500 kHz 
A V(DC) = 1 

UNITY GAIN BANDWIDTH = 50 kHz 



3-571 


LM675 









National 

Semiconductor 


LM725/LM725A/LM725C 
Operational Amplifier 


General Description 

The LM725/LM725A/LM725C are operational amplifiers 
featuring superior performance in applications where low 
noise, low drift, and accurate closed-loop gain are required. 
With high common mode rejection and offset null capability, 
it is especially suited for low level instrumentation applica- 
tions over a wide supply voltage range. 

The LM725A has tightened electrical performance with 
higher input accuracy and like the LM725, is guaranteed 
over a -55°C to +125°C temperature range. The LM725C 
has slightly relaxed specifications and has its performance 
guaranteed over a 0°C to 70°C temperature range. 


Features 

■ High open loop gain 

■ Low input voltage drift 

■ High common mode rejection 

■ Low input noise current 

■ Low input offset current 

■ High input voltage range 

■ Wide power supply range 

■ Offset null capability 

■ Output short circuit protection 


3,000,000 
0.6 jLtV/°C 
120 dB 
0.15 pAA/Hz 
2 nA 
± 14V 
±3V to ±22V 


Connection Diagrams and Ordering Information 


Metal Can Package 


Dual-ln-Line Package 



TL/H/10474-1 

Order Number LM725H, 

LM725AH or LM725CH 
See NS Package Number H08C 


OFFSET NULL- 
INVERTING INPUT — 
NON-INVERTING INPUT — 

V*— 



| -OFFSET NULL 

-V“ 

-OUTPUT 

-COMP 


TL/H/1 0474-2 

Order Number LM725CN 
See NS Package Number N08E 



3-573 


LM725/LM725A/LM725C 




LM725/LM725A/LM725C 


Absolute Maximum Ratings 










If Military/ Aerospace specified devices are required, 

Storage Temperature Range 

— 65°Cto +150°C 

please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 22V 

Internal Power Dissipation (Note 1) 500 mW 

Differential Input Voltage ± 5V 

Lead Temperature (Soldering, 10 Sec.) 
Maximum Junction Temperature 

Operating Temperature Range T A (min) 

LM725 — 55°C to 

LM725A — 55°C to 

260°C 

150°C 

Ta(MAX) 

+ 1 25°C 

+ 1 25°C 

Input Voltage (Note 2) 



±22V 


LM725C 



o 

o 

o 

+ 70°C 

Electrical Characteristics (Note 3) 










Parameter 

Conditions 

LM725A 

LM725 

LM725C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 
(Without External Trim) 

T a = 25°C, 

Rg ^10 kft 

0.5 


0.5 

1.0 


0.5 

2.5 

mV 

Input Offset Current 

T a = 25°C 


2.0 

5.0 


2.0 

20 


2.0 

35 

nA 

Input Bias Current 

T a = 25°C 


42 

80 


42 

100 


42 

125 

nA 

Input Noise Voltage 

T a = 25°C 
f 0 = 10 Hz 


15 



15 



15 


nV/Vflz 


f 0 = 100 Hz 


9.0 



9.0 



9.0 


nV/VHz 


f 0 = 1 kHz 


8.0 



8.0 



8.0 


nVA/Hz 

Input Noise Current 

T a = 25°C 
f 0 = 10 Hz 


1.0 



1.0 



1.0 


pA/VHz 


f 0 = 100 Hz 


0.3 



0.3 



0.3 


pA/VHz 


f 0 = 1 kHz 


0.15 



0.15 



0.15 


pA/VHz 

Input Resistance 

T a = 25°C 

1.5 

1.5 

1.5 

Ma 

Input Voltage Range 

T a = 25°C 

±13.5 

±14 


±13.5 

±14 


±13.5 ±14 

V 

Large Signal Voltage Gain 

T a = 25°C, 

R l > 2 kH, 
VouT = ±10V 

1000 

3000 


1000 

3000 


250 

3000 


V/mV 

Common-Mode 

T a = 25°C, 

120 

110 

120 


94 

120 


dB 

Rejection Ratio 

Rs ^ io ka 



Power Supply 

Rejection Ratio 

T a = 25°C, 

Rs ^10 kCl 


2.0 

5.0 


2.0 

10 


2.0 

35 

juV/V 

Output Voltage Swing 

T a = 25°C, 

r l ^ io ka 

±12.5 

±13.5 


±12 

±13.5 


±12 

±13.5 


V 


R L ^ 2 ka 

±12.0 

±13.5 


±10 

±13.5 


±10 

±13.5 


V 

Power Consumption 

T a = 25°C 


80 

105 


80 

105 


80 

150 

mW 

Input Offset Voltage 
(Without External Trim) 

R s <£ 10 ka 

0.7 

1.5 

3.5 

mV 

Average Input Offset 
Voltage Drift 
(Without External Trim) 

Rs = 50a 

2.0 


2.0 

5.0 

2.0 

JLtV/°C 

Average Input Offset 
Voltage Drift 
(With External Trim) 

Rs = 50a 


0.6 

1.0 

0.6 

0.6 

juV/°C 

Input Offset Current 

Ta = Tmax 


1.2 

4.0 


1.2 

20 


1.2 

35 

nA 


Ta = Tmin 


7.5 

18.0 


7.5 

40 


4.0 

50 

nA 

Average Input Offset 
Current Drift 



35 

90 


35 

150 

10 

pA/°C 

Input Bias Current 

Ta = Tmax 


20 


m 



■ 


125 

nA 


Ta = Tmin 


80 





mm 


250 

nA 
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Electrical Characteristics (Note 3) (continued) 


Parameter 

Conditions 

LM725A 

LM725 

LM725C 

Units 

Min Typ Max 

Min Typ 

Max 

Min Typ Max 




Large Signal Voltage Gain 

r l :> 2 kn 

Ta = Tmax 

1,000,000 

1,000,000 


125,000 

V/V 


R|_ ^ 2 kn 
t a = t M in 

500,000 

250,000 


125,000 

v/v 

Common-Mode 

Rejection Ratio 

Rs ^10 kn 

110 

100 

115 

dB 

Power Supply 

Rejection Ratio 

R s <: 10 kn 

8.0 

20 

20 

fxV/V 

Output Voltage Swing 

R l £ 2 kfi 

±12 

±10 

±10 

V 


Note 1: Derate at 150°C/W for operation at ambient temperatures above 75°C. 

Note 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: These specifications apply for Vs = ± 1 5V unless otherwise specified. 


Schematic Diagram 
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LM725/LM725A/LM725C 



LM725/LM725A/LM725C 


Typical Performance Characteristics 


Voltage Gain vs Temperature Change in Trimmed input Untrimmed Input Offset 

for Supply Voitages > Offset Voltage vs Temperature , Voltage vs Temperature 



TEMPERATURE - °C TEMPERATURE - °C TEMPERATURE - °C 


Stabilization Time of 


Input Offset Current Input Bias Current Input Offset Voltage 

vs Temperature vs Temperature from Power Turn-On 
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Typical Performance Characteristics (Continued) 


Change in Input 
Offset Voltage Due to 



-20 0 20 40 60 80 100 

TIME FROM HEAT APPUCATION - S 


Power Consumption 



-60 -20 20 60 100 140 

TEMPERATURE - °C 


Frequency Response for 
Various Close Loop 
Gain (Note 1) 



!K 

cc = ±15V 
[a = 250C 

■■uni 

■2! 

R1 = 4700, Cl = 0.001 /iF'SJ 



V 


R1 = 470 Cl = 0.01 n? 



R1 = 270 Cl = 0.05 fi\ 
R2 = 2700 C2 = 0.01 

rt 


1* 

)15/iF> 

s. 



\ 



IKS 

s 


TT 

TZ 

IT 

* 


A 


TT 

IT 

IT 



V, 


III 


■HI 

III 

!■ 



10^ 2 4 10* 2 4 10 5 2 


Input Noise 
Voltage vs Frequency 



10 100 1.0k 10k 100k 

FREQUENCY - Hz 


Open Loop Frequency 
Response for Values 
of Compensation (Note 1) 



•30 1 I I I I Ll I 

1 10 10 2 10 3 10 4 10 5 10 6 

FREQUENCY - Hz 


Output Voltage Swing 



FREQUENCY - Hz 


FREQUENCY - Hz 


Note 1: Performance is shown using recommended compensation networks. 


Input Noise 



10 100 1.0k 10k 100k 

FREQUENCY - Hz 


Values for Suggested Compen- 
sation Networks vs Various 
Close Loop Voltage Gains 

100k 



10 2 


10 3 10 4 


10k 

1.0k 

100 

10 

1 


CLOSED LOOP VOLTAGE GAIN 


Transient Response 



0 2 4 6 8 


TIME - /is 

TL/H/1 0474-7 


Transient Response Test Circuit 

50 kfl, 



TL/H/1 0474-8 
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Typical Applications 


FPT 102 OR C-B 
JUNCTION OF FPT 100 


4.7 ;xF -J- 
@ 35V JQ 


£ R12 

C4 > 51 kO 


Photodiode Amplifier 

ci 

— U 1 

R2 

VW n 

1 Mil (NOTE 1) 


(NOTE 1) 

R13 4 

ZERO ADJUST 

R1 

7 < rw 

>n 

100 kH 

2 fvJ 10° ka 

— VW — 

k- - N 

.8 „ 



\ 6 


LM725 




+ > 

*5 R9 


3 

5100, " 

> R11 | 

<> — VW— 

S 91 kO 

C3 

| (NOTE 1) 

'T' 100 pF 


R4 

1000 (NOTE 1) 


— VW— 

• 10,000 


R5 

— VW — 

■ 1,000 

GAIN 

1 kO 


RANGE 

(NOTE 1) ' 

-wvw- 

*100 4 

SELECT 

R6 



lOkO 

10 



100 kO (NOTE 1) 
(NOTE 1) CALIBRATE 


R8 R15 
9.1 kH 2kO 
(NOTE 1) (NOTE 1) 


METER 1 mA 
FULL SCALE 


DC Gains = 10,000; 1,000; 100; and 10 
Bandwidth = Determined by value of Cl 


Thermocouple Amplifier 


: 100V Common Mode Range Differential Amplifier 


SENSOR 

THERMOCOUPLE 



R5 R7 
R1 = R4 
R2 = R5 

- . R6 , /2R1\ 

Ga,n = R5 + ri¥7 

DC Gain = 1000 
Bandwidth = DC to 540 Hz 
Equivalent Input Noise = 0.24 jxV rms 



0.05 piF — 


Note 1: Indicates ±1% metal film resistors recommended for temperature 
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Typical Applications (Continued) 


m _ 

R6~ 
R3 = 
R1 = 

Gain 


— for best CM RR 
R4 

R6 = 10 R3 


Instrumentation Amplifier with High 
Common Mode Rejection 



TL/H/ 10474- 12 


R6 

R7 


Precision Amplifier Avcl = 1000 


50 MU 10 kn 



TL/H/10474-13 



V/WA National 
Jut Semiconductor 

LM741/LM741A/LM741C/LM741E Operational Amplifier 

General Description 

The LM741 series are general purpose operational amplifi- output, no latch-up when the common mode range is ex- 

ers which feature improved performance over industry stan- ceeded, as well as freedom from oscillations. 

dards like the LM709. They are direct, plug-in replacements The |_M741 C/LM741 E are identical to the LM741 /LM741 A 


for the 709C, LM201, MCI 439 and 748 in most applications. 
The amplifiers offer many features which make their appli- 
cation nearly foolproof: overload protection on the input and 


except that the LM741C/LM741E have their performance 
guaranteed over a 0°C to +70°C temperature range, in- 
stead of — 55°C to +125°C. 
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LM741/LM741A/LM741C/LM741E 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 



LM741A 

LM741E 

LM741 

LM741C 

Supply Voltage 

±22V 

±22V 

±22V 

±18V 

Power Dissipation (Note 1) 

500 mW 

500 mW 

500 mW 

500 mW 

Differential Input Voltage 

±30V 

±30V 

±30V 

±30V 

Input Voltage (Note 2) 

± 15V 

± 15V 

± 15V 

±15V 

Output Short Circuit Duration 

Continuous 

Continuous 

Continuous 

Continuous 

Operating Temperature Range 

— 55°Cto + 125°C 

0°C to + 70°C 

— 55°C to + 1 25°C 

0°C to +70°C 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

65°C to + 1 50°C 

Junction Temperature 

Soldering Information 

150°C 

100°C 

150°C 

100°C 

N-Package (10 seconds) 

260° C 

260° C 

260° C 

260°C 

J- or H-Package (1 0 seconds) 
M-Package 

300°C 

300°C 

300°C 

300°C 

Vapor Phase (60 seconds) 

215°C 

215°C 

215°C 

215°C 

Infrared (15 seconds) 

215°C 

215°C 

215°C 

215°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering 
surface mount devices. 


ESD Tolerance (Note 6) 

400V 

400V 

400V 

400V 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM741A/LM741E 

LM741 

LM741C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C 

R s ^ lOkft 





1.0 

5.0 


2.0 

6.0 

mV 


R s ^ 50ft 


0.8 

3.0 







mV 


TaMIN ^ T A ^ t amax 

R s ^ 50ft 



4.0 







mV 


Rs ^ io kft 






6.0 



7.5 

mV 

Average Input Offset 
Voltage Drift 




15 







p,V/°C 

Input Offset Voltage 
Adjustment Range 

T a = 25°C, V s = ±20V 

±10 







±15 



Input Offset Current 

T a = 25°C 








20 

200 



Tamin ^ f A ^ Tamax 









300 

nA 

Average Input Offset 
Current Drift 











nA/°C 

Input Bias Current 

T a = 25°C 








80 


nA 


Tamin ^ T a ^ T A max 









GO 

o 

jaA 

Input Resistance 

T a = 25°C, V s = ±20V 

1.0 

15!*1 





0.3 

2.0 


Mft 


Tamin ^ T a ^ Tamax. 

V s = +20V 

0.5 


■ 





■ 

■ 

Mft 

Input Voltage Range 

T a = 25°C 








±13 


V 


Tamin ^ t a ^ Tamax 








hr 

bh 

V 

Large Signal Voltage Gain 

T a = 25°C, R l ^ 2 kft 
V s = ±20V, V 0 = ±15V 

50 









V/mV 


V s = ± 15V, V 0 = ±iov 




50 

200 


20 

200 


V/mV 


Tamin ^ t a ^ t A max. 

R l ^ 2 kft, 

V s = ±20V,V o = ±15V 

32 

j 








V/mV 


Vs = ± 15V, V 0 = ±10V 




25 



15 



V/mV 


V s = ±5V, Vq = ±2V 

10 









V/mV 
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Electrical Characteristics (Note 3) (continued) 


Parameter 

Conditions 

LM741A/LM741E 

LM741 

LM741C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Output Voltage Swing 

V s = ±20V 

R|_ ^ 10 ka 

±16 









V 


R|_ ^ 2 ka 

±15 









V 


Vs = ± 15V 

R|_ ^ 10 ka 




±12 

±14 


±12 

±14 


V 


R|_ ^ 2 ka 




±10 

±13 


±10 

±13 


V 

Output Short Circuit 

T a = 25°C 

10 

25 

35 


25 



25 


mA 

Current 

T A MIN ^ T A ^ T AMA X 

10 


40 







mA 

Common-Mode 

Tamin ^ T a ^ T AMA x 











Rejection Ratio 

R s ^ lOka.VcM = ± 12V 




70 

90 


70 

90 


dB 


R S ^ 50a, V CM = ± 12 V 

80 

95 








dB 

Supply Voltage Rejection 

T A MIN ^ T a ^ t amax , 











Ratio 

V s = ± 20 V to V s = ±5V 
Rs ^ 50a 

86 

96 








dB 


Rs ^io ka 




77 

96 


77 

96 


dB 

Transient Response 

T a = 25°C, Unity Gain 











Rise Time 



0.25 

0.8 


0.3 



0.3 


jjlS 

Overshoot 



6.0 

20 


5 



5 


% 

Bandwidth (Note 4) 

T a = 25°C 

0.437 

1.5 








MHz 

Slew Rate 

T a = 25°C, Unity Gain 

0.3 

0.7 



0.5 



0.5 


V/jus 

Supply Current 

T a = 25°C 





1.7 

2.8 


1.7 

2.8 

mA 

Power Consumption 

T a = 25°C 

V s = ±20V 


80 

150 







mW 


V s = +15V 





50 

85 


50 

85 

mW 

LM741A 

V s = +20V 
t a = T AMiN 



165 







mW 


Ta = T amax 



135 







mW 

LM741E 

V s = +20V 

Ta = Tamin 



150 







mW 


t a = Tamax 



150 







mW 

LM741 

V s = ±15V 
t a = Tamin 





60 

100 




mW 


t a = Tamax 





45 

75 




mW 


Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum 
Ratings”). Tj = T A + (0j A Pd)- 


Thermal Resistance 

Cerdip (J) 

DIP (N) 

H08 (H) 

SO-8 (M) 

0j A (Junction to Ambient) 

100°C/W 

100°C/W 

170°C/W 

1 95°C/W 

0jC (Junction to Case) 

N/A 

N/A 

25°C/W 

N/A 


Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Unless otherwise specified, these specifications apply for Vs = ±15V, -55°C ^ T A ^ +125°C (LM741/LM741A). For the LM741C/LM741E, these 
specifications are limited to 0°C £ T A £ +70°C. 

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(jns). 

Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A. 

Note 6: Human body model, 1.5 kfl in series with 100 pF. 


3-583 


LM741/LM741A/LM741C/LM741E 




LM759/LM77000 


National 
Semiconductor 

LM759/LM77000 

Power Operational Amplifiers 

General Description 

The LM759 and LM77000 are high performance operational 
amplifiers that feature high output current capability. The 
LM759 is capable of providing 325 mA and the LM77000 
providing 250 mA. Both amplifiers feature small signal char- 
acteristics that are better than the LM741 . The amplifiers 
are designed to operate from a single or dual power supply 
with an input common mode range that includes the nega- 
tive supply. The high gain and high output power provide 
superior performance. Internal current limiting, thermal shut- 
down, and safe area compensation are employed making 
the LM759 and LM77000 essentially indestructible. 


Features 

■ Output current 

LM759— 325 mA minimum 
LM77000— 250 mA minimum 

■ Internal short circuit current limiting 

■ Internal thermal overload protection 

■ Internal output transistors safe-area protection 

■ Input common mode voltage range includes ground or 
negative supply 

Applications 

■ Voltage regulators 

■ Audio amplifiers 

■ Servo amplifiers 

■ Power drivers 



Connection Diagrams and Ordering Information 


NC 



Top View 

Order Number LM759MH or LM759CH 
See NS Package Number H08C 



v- 


TL/H/1 0075-2 

Top View 

Order Number LM759CP or LM77000CP 
See NS Package Number P04A 
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Absolute Maximum Ratings 






If Military/ Aerospace specified devices are required, Internal Power Dissipation (Note 1) Internally Limited 

please 

contact the National Semiconductor Sales Supply Voltage 



± 18V 

Office/Distributors for availability and specifications. Differential , nDUt vmtane 



30V 

Storage Temperature Range 
Metal Can 

— 65°C to + 175°C Input Voltage (note 2) 



±15V 

Plastic Package 

— 65°C to + 1 50°C 





Operating Junction Temperature Range 






Military (LM759M) 

— 55°C to + 150°C 





Commercial (LM759C, LM77000C) 0°C to + 1 25°C 





Lead Temperature 







Metal Can (soldering, 60 sec) 


300°C 





Plastic Package (soldering, 10 sec) 

265°C 





LM759 







Electrical Characteristics tj 

= 25°C, Vqc = ± 15V, unless otherwise specified 



Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|0 

Input Offset Voltage 

R s ^ 10 kft 


1.0 

3.0 

mV 

l|0 

Input Offset Current 



5.0 

30 

nA 

<IB 

Input Bias Current 



50 

150 

nA 

Z| 

Input Impedance 


0.25 

1.5 


Mft 

Icc 

Supply Current 



12 

18 

mA 

V|R 

Input Voltage Range 


V+ - 2VtoV~ 

V+ - 2VtoV" 


V 

■os 

Output Short Circuit Current 

|Vcc-Vol = 30V 


±200 


mA 

■o PEAK 

Peak Output Current 

3.0V ^ |V C c-V 0 | ^ 10V 

±325 

±500 


mA 

AvS 

Large Signal Voltage Gain 

R L ^5oav 0 = ±iov 

50 

200 


V/mV 

TR 

Transient Response 

Rise Time 

R|_ = 50ft, Ay =1.0 


300 


ns 



Overshoot 



5.0 


% 

SR 

Slew Rate 

R|_ = 50ft, A\/ =1.0 


0.6 


V/jLLS 

BW 

Bandwidth 

A v = 1.0 


1.0 


MHz 

The following specifications apply for -55°C ^ Tj ^ +150°C 

Vio 

Input Offset Voltage 

R s ^ 10kft 



4.5 

mV 

ho 

Input Offset Current 




60 

nA 

■lB 

Input Bias Current 




300 

nA 

CMRR 

Common Mode Rejection Ratio 

R s ^ 10kft 

80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

R s ^ 10kft 

80 

100 


dB 

A VS 

Large Signal Voltage Gain 

R L ^ 50ft, V 0 = ±10V 

25 

200 


V/ mV 

v OP 

Output Voltage Swing 

Rl_ = 50ft 

±10 

±12.5 


V 
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LM759/LM77000 


LM759C 

Electrical Characteristics tj 

= 25°C, Vqc = ± 1 5V, unless otherwise specified 



Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VlO 

Input Offset Voltage 

R s ^ 10 kn 


1.0 

6.0 

mV 

ho 

Input Offset Current 



5.0 

50 

nA 

■lB 

Input Bias Current 



50 

250 

nA 

Z| 

Input Impedance 


0.25 

1.5 


MH 

>cc 

Supply Current 



12 

18 

mA 

V|R 

Input Voltage Range 


V+ - 2VtoV- 

V+ - 2VtoV- 


V 

los 

Output Short Circuit Current 

|Vcc-Vol = 30V 


±200 


mA 

>0 PEAK 

Peak Output Current 

3.0V <; |V CC -V 0 | £ 10V 

±325 

±500 


mA 

Avs 

Large Signal Voltage Gain 

r l ^ son, v 0 = ±iov 

25 

200 


V/mV 

TR 

Transient Response 

Rise Time 

R[_ = 50fl, Ay =1.0 


300 


ns 



Overshoot 



10 


% 

SR 

Slew Rate 

R|_ = 50LI, Ay =1.0 


0.5 


V/jULS 

BW 

Bandwidth 

p 

II 

> 

< 


1.0 


MHz 

The following specifications apply for 0° ^ Tj ^ +125°C 

Vio 

Input Offset Voltage 

R s £ lOkft 



7.5 

mV 

ho 

Input Offset Current 




100 

nA 

>IB 

Input Bias Current 




400 

nA 

CMRR 

Common Mode Rejection Ratio 

R s ^ 10 kn 

70 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

r s ^ i o kn 

80 

100 


dB 

Avs 

Large Signal Voltage Gain 

r l ;> son, v 0 = ± iov 

25 

200 


V/mV 

Vqp 

Output Voltage Swing 

Rl = 5oa 

±10 

±12.5 


V 
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LM77000 







Electrical Characteristics Tj = 25°C, Vcc = ±15V, unless otherwise specified 



Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|0 

Input Offset Voltage 

Rg <; 1 0 kfl 


1.0 

8.0 

mV 

•lO 

Input Offset Current 



5.0 

50 

nA 

l|B 

Input Bias Current 



50 

250 

nA 

Z| 

Input Impedance 


0.25 

1.5 


MH 

Icc 

Supply Current 



12 

18 

mA 

V|R 

Input Voltage Range 


+ 1 3 to V — 

+ 13 to V~ 


V 

•os 

Output Short Circuit Current 

|Vcc-V 0 l = 30V 


±200 


mA 

•o PEAK 

Peak Output Current 

3.0V £ |Vcc-V 0 l ^ 10V 

±250 

±400 


mA 

Avs 

Large Signal Voltage Gain 

r l ^ son, v 0 = ±iov 

25 

200 


V/m V 

TR 

Transient Response 

Rise Time 

Rl = 50fl, Av —1.0 


300 


ns 



Overshoot 



10 


% 

SR 

Slew Rate 

R[_ = 50H, Av —1.0 


0.5 


V/jLlS 

BW 

Bandwidth 

A v = 1.0 


1.0 


MHz 

The following specifications apply for 0° ^ Tj ^ + 125°C 

Vio 

Input Offset Voltage 

Rg ^10 kn 



10 

mV 

•10 

Input Offset Current 




100 

nA 

■lB 

Input Bias Current 




400 

nA 

CMR 

Common Mode Rejection 

Rg <M0 kfl 

70 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

Rg ^ 10 kH 

80 

100 


dB 

Avs 

Large Signal Voltage Gain 

r l ;> 500, v 0 = ±iov 

25 

200 


V/mV 

Vqp 

Output Voltage Swing 

R|_ = 500 

±10 

±12.5 


V 

Note 1: Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified temperature in order to meet data 
sheet specifications. To calculate the maximum junction temperature or heat sink required, use the thermal resistance values which follow the Equivalent Circuit 
Schematic. 

Note 2: For a supply voltage less than 30V between V+ and V - , the absolute maximum input voltage is equal to the supply voltage. 
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LM759/LM77000 





Package 

Typ 

0JC 

°c/w 

Max 

0jc 

°c/w 

Typ 

Oja 

°C/W 

Max 

Oja 

°c/w 

Plastic Package (P) 

8.0 

12 

75 

80 

Metal Can (H) 

30 

40 

120 

150 


Pd Max = 


T JMax ~ Ta 
0JC + #CA 
Tj Max ~ 


OjA 

Oca = Ocs + #sa 


or 

(without a heat sink) 


Solving Tj: 

Tj = T a + P D (0jc + Oqa) or 

= Ta + Pq0ja (without a heat sink) 

Where: 

Tj = Junction Temperature 

Ta = Ambient Temperature 

Pd = Power Dissipation 
0ja = Junction to ambient thermal resistance 
0jc = Junction to case thermal resistance 
Oca = Case to ambient thermal resistance 
#cs = Case to heat sink thermal resistance 
0SA = Heat sink to ambient thermal resistance 


Mounting Hints 

Metal Can Package (LM759CH/LM759MH) 

The LM759 in the 8-Lead TO-99 metal can package must 
be used with a heat sink. With ± 1 5V power supplies, the 
LM759 can dissipate up to 540 mW in its quiescent (no 
load) state. This would result in a 100°C rise in chip temper- 
ature to 1 25°C (assuming a 25°C ambient temperature). In 
order to avoid this problem, it is advisable to use either a slip 
on or stud mount heat sink with this package. If a stud 
mount heat sink is used, it may be necessary to use insulat- 
ing washers between the stud and the chassis because the 
case of the LM759 is internally connected to the negative 
power supply terminal. 

Plastic Package (LM759CP/LM77000CP) 

The LM759CP and LM77000CP are designed to be at- 
tached by the tab to a heat sink. This heat sink can be either 
one of the many heat sinks which are commercially avail- 
able, a piece of metal such as the equipment chassis, or a 
suitable amount of copper foil as on a double sided PC 
board. The important thing to remember is that the negative 
power supply connection to the op amp must be made 
through the tab. Furthermore, adequate heat sinking must 
be provided to keep the chip temperature below 1 25°C un- 
der worst case load and ambient temperature conditions. 
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Applications 


Offset Null Circuit 



TL/H/ 10075-5 


Audio Applications 


Paralleling LM759 Power Op Amps 



Low Cost Phono Amplifier 


CRYSTAL 

CARTRIDGE 


R1 

47k > P1 b 

f VOL t 

^ j CONT I 


P2 

10k 

TONE 

CONTROL 


TL/H/10075-7 


Speaker 

Impedance 

(Ohms) 

Output 

Power 

(Watts) 

Min 

Supply 

(Volts) 

v Op_p 

(Volts) 

4 

0.18 

9 

2.4 

8 

0.36 

12 

4.8 

16 

0.72 

15 

9.6 

32 

1.44 

25 

19.2 
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Applications (Continued) 


Bi-Directional Intercom System Using the LM759 Power Op Amp 

+12V 



Features: 

Circuit Simplicity 
1 Watt of Audio Output 

Duplex operation with only one two-wire cable as interconnect. 
Note 1: Ail resistor values in ohms. 


16H 


16fl 


TL/H/1 0075-9 




Applications (Continued) 

High Slew Rate Power Op Amp/ Audio Amp 



Features: 

High Slew Rate 9 V/ju,s 

High 3 dB Power Bandwidth 85 kHz 

18 Watts Output Power into an 8ft load. 

Low Distortion — 0.2%, 10 Vrms, 1 kHz into 8ft 
Design Consideration 
A v :> 10 


Servo Applications 

AG Servo Amplifier— Bridge Type 

c 5k 50k 



TL/H/ 10075- 11 

Features: 

Gain of 1 0 

Use of LM759 Means Simple Inexpensive Circuit 
Design Considerations: 

325 mA Max Output Current 

DC Servo Amplifier 

5k 50k 



Features: 

Circuit Simplicity 

One Chip Means Excellent Reliability 
Design Considerations 
l 0 ^ 325 mA 

Note 1: All resistor values in ohms. 
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National 

Semiconductor 


LM776 

Multi-Purpose Programmable Operational Amplifier 


General Description 

The LM776 Programmable Operational Amplifier is con- 
structed using the Planar Epitaxial process. High input im- 
pedance, low supply currents, and low input noise over a 
wide range of operating supply voltages coupled with pro- 
grammable electrical characteristics result in an extremely 
versatile amplifier for use in high accuracy, low power con- 
sumption analog applications. Input noise voltage and cur- 
rent, power consumption, and input current can be opti- 
mized by a single resistor or current source that sets the 
chip quiescent current for nano watt power consumption or 
for characteristics similar to the LM741. Internal frequency 
compensation, absence of latch up, high slew rate and short 
circuit current protection assure ease of use in long time 
integrators, active filters, and sample and hold circuits. 


Features 

h Micropower consumption 
m ± 1.2V to ± 18V operation 

■ No frequency compensation required 

■ Low input bias currents 
b Wide programming range 
B High slew rate 

a Low noise 
b Short circuit protection 
b Offset null capability 
m No latch up 

Applications 

m Battery-powered instrumentation 
0 High-gain amp 
h Filters 

El Sample-and-Hold 


Connection Diagrams 


8-Lead Metal Package 



TL/H/1 0073-1 


Top View 


Lead 4 connected to case. 


Ordering Information 


Device 

Code 

Package 

Code 

Package 

Description 

LM776H 

H08A 

Metal 

LM776CH 

H08A 

Metal 

LM776CN 

N08E 

Molded DIP 


8-Lead DIP 



TL/H/1 0073-2 
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LM776 


Absolute Maximum Ratings 









If Military/ Aerospace specified devices are required, Supply Voltage 





±18V 

please 

contact the National 

Semiconductor 

Sales Differential Input Voltaae 




±30V 

Office/Distributors for availability and specifications. , voltage (Note 3) 




± 15V 

Storage Temperature Range 
Metal Can 

Voltage Between Offset Null and V“ 


±0.5V 

Molded DIP 

- 65°C to + 1 50°C Output Short Circuit Duration (Note 4) 


Indefinite 

Operating Temperature Range 


Iset (Maximum Current at Iset) 



500 ju,A 

Extended (LM776M) 

- 55°C to + 1 25°C Vset (Maximum Voltage to 






Commercial (LM776C) 

0°C to + 70°C Ground at I S et) 


(V+ - 2.0V) <; v SE T ^ v+ 

Lead Temperature 


ESD Tolerance 




(to be determined) 

Metal Can (Soldering, 60 sec.) 


300°C 








Molded DIP (Soldering, 10 sec.) 


265°C 








Internal Power Dissipation (Notes 1 , 2) 









8L-Metal Can 


1.00W 








8L-Molded DIP 


0.93W 
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Electrical Characteristics Ta = 25°c, Vcc = ±15V, unless otherwise specified 





Symbol 


Conditions 

Iset = 1-5 f a 

*SET = 15 /xA 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 




V|0 

Input Offset Voltage 

R s ^ 10 kn 


2.0 

5.0 


2.0 

5.0 

mV 

v IOadj 

Input Offset Voltage Adjustment Range 



9.0 



18 


mV 

ho 

Input Offset Current 



0.7 

3.0 


2.0 

15 

nA 

l|B 

Input Bias Current 



2.0 

7.5 


15 

50 

nA 

Z| 

Input Impedance 



50 



5.0 


Mft 

Icc 

Supply Current 



20 

25 


160 

180 

ju,A 

Pc 

Power Consumption 







m 


■os 

Output Short Circuit Current 



3.0 



12 


mA 

Avs 

Large Signal Voltage Gain 

V 0 = ±10V, R L ;> 75 kft 

200 

400 





V/mV 




V 0 = ±10V,R l ^ 5.0 kft 




100 

400 


Vop 

Output Voltage Swing 


R l = 75 k ft 

±12 

±14 





v 




R l = 5.0 kft 




±10 

±13 



TR 

Transient Response 

Rise Time 

V| = 20 mV, R l = 5.0 kft, 


1.6 



0.35 


JLlS 



Overshoot 

C L = 100 pF, A v = 1.0 


0 



10 


% 

SR 

Slew Rate 

Rl = 5.0 kft, A v = l.o 


0.1 



0.8 


V/juS 

The following specifications apply 

-55°C<^T a <; + 1 25°C 








Vio 

Input Offset Voltage 

R s ^ 10 kft 



6.0 



6.0 

mV 

ho 

Input Offset Current 


T a = + 1 25°C 



5.0 



15 

nA 




T a = — 55°C 



10 



40 

l|B 

Input Bias Current 


T a = + 1 25°C 



7.5 



50 

nA 




T a = — 55°C 



20 



120 

•cc 

Supply Current 




30 



200 

jutA 

Pc 

Power Consumption 




0.9 





CMR 

Common Mode Rejection 

R s ^ 10 kft 

70 

90 


70 

90 



V|R 

Input Voltage Range 


±10 



±10 



■ 

PSRR 

Power Supply Rejection Ratio 

Rg ^10 kft 


25 

150 


25 

B?1 


Avs 

Large Signal Voltage Gain 

V 0 = +10V, R l ^ 75 kft 

100 







Vqp 

Output Voltage Swing 

R l = 75 kft 

±10 



±10 
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LM776 

Electrical Characteristics Ta = 25°C, Vcc = ±3.0V, unless otherwise specified 

Symbol 

Parameter 

Conditions 

•set = 1.5 /x A 

•set = 15 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

V| 0 

Input Offset Voltage 

Rs ^ io kn 


2.0 

5.0 


2.0 

5.0 

mV 

V|0 adj 

Input Offset Voltage Adjustment 
Range 



9.0 



18 


mV 

>10 

Input Offset Current 



0.7 

3.0 


2.0 

15 

nA 

•iB 

Input Bias Current 



2.0 

7.5 


15 

50 

nA 

Z| 

Input Impedance 



50 



5.0 


Mn 

•cc 

Supply Current 



13 

20 


130 

160 

jutA 

Pc 

Power Consumption 



78 

120 


780 

960 

JLlW 

•OS 

Output Short Circuit Current 



3.0 



5.0 


mA 

Avs 

Large Signal Voltage Gain 

V 0 = ± 1 . 0 V,R L £ 75 kn 

50 

200 





V/mV 

v 0 = ±i.ov,r l ;> 5.0 kn 




50 

200 


TR 

Transient Response 

Rise Time 

V| = 20 mV, R l = 5.0 kn, 
C L = 100 pF, A v = 1.0 


3.0 



0.6 


JLLS 

Overshoot 


0 



5 


% 

SR 

Slew Rate 

R[_ = 5.0 kn, Ay =1.0 


0.03 



0.35 


V/jas 

The following specifications apply -55°C ^ Ta ^ +125°C 

Vio 

Input Offset Voltage 

Rg <M 0 kn 



6.0 



6.0 

mV 

ho 

Input Offset Current 

T a = + 1 25°C 



5.0 



15 

nA 

T a = — 55°C 



10 



40 

l|B 

Input Bias Current 

T a = + 1 25°C 



7.5 



50 

nA 

T a = — 55°C 



20 



120 

•cc 

Supply Current 




25 



180 

jxA 

Pc 

Power Consumption 




150 



1080 

jutW 

CMR 

Common Mode Rejection 

Rs ^ i o kn 

70 

86 


70 

86 


dB 

V|R 

Input Voltage Range 


±1.0 



±1.0 



V 

PSRR 

Power Supply Rejection Ratio 

R s ^ 10 k n 


25 

150 


25 

150 

/aV/V 

Avs 

Large Signal Voltage Gain 

V 0 — ± 1 . 0 V, R l ;> 75 kn 

25 






V/mV 

V 0 = + 1 . 0 V, R L ;> 5.0 kn 




25 



Vqp 

Output Voltage Swing 

R l = 75 kn 

±2.0 

±2.4 





V 

r l = 5.0 kn 




±1.9 

±2.1 


Note 1: Tj Max = 150°C for the Molded DIP, and 175°C for the Metal Can. 

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 8L-Metal Can at 6.7 mW/ 6 C, and the 8L-Molded DIP at 7.5 mW/°C. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: Short Circuit may be to ground or either supply. Rating applies to 1 25°C case temperature or 75°C ambient temperature for Iset ^ 30 jxA. 
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LM776C 

Electrical Characteristics t a = 25°c, v C c = ±isv, unless otherwise specified 

Symbol 

Parameter 

Conditions 

•set = 1-5 P* 

•set = 15 fi,A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

V|0 

Input Offset Voltage 

Rs ^ 10 kfi 


2.0 

6.0 


2.0 

6.0 

mV 

V|0 adj , 

Input Offset Voltage Adjustment 
Range 



9.0 



18 


mV 

ho 

Input Offset Current 



0.7 

6.0 


2.0 

25 

nA 

l|B 

Input Bias Current 



2.0 

10 


15 

50 

nA 

Z| 

Input Impedance 



50 



5.0 


Mfl 

•cc 

Supply Current 



20 

30 




juA 

Pc 

Power Consumption 




0.9 



il 

Mm 

•os 

Output Short Circuit Current 



3.0 





| 

Avs 

Large Signal Voltage Gain 

V 0 = ±10V,R l :> 75 kfl 

50 

400 





B 

V 0 = ±10V, R L ^ 5.0 kfl 




50 



v OP 

Output Voltage Swing 

R l = 75 kfl 

±12 

±14 





V 

R|_ = 5.0 kfl 




±10 

±13 


TR 

Transient Response 

Rise Time 

V| = 20 mV, R l :> 5.0 kfl, 
C L = 100 pF, A v = 1.0 


1.6 



0.35 


JLtS 

Overshoot 


0 



10 


% 

SR , 

Slew Rate 

R[_ = 5.0 kfl, Ay =1.0 


0.1 



0.8 


V/JLIS 

The following specifications apply 0°C ^ ^ + 70°C 

Vio 

Input Offset Voltage 

Rs ^ 10 kfl 



7.5 



7.5 

mV 

ho 

Input Offset Current 

T a = 70°C 



6.0 



25 

nA 

>• 

ii 

o 

o 



10 



40 

•iB 

Input Bias Current 

T a = 70°C 



10 



50 

nA 

t a = o°c 



20 



100 

•cc 

Supply Current 




35 



200 

juA 

Pc 

Power Consumption 




1.05 



6.0 

mW 

CMR 

Common Mode Rejection 

R s ^ 10 kfl 

70 

90 


70 

90 


dB 

V|R 

Input Voltage Range 


±10 



±10 



V 

PSRR 

Power Supply Rejection Ratio 

R s ^ 10 kfl 


25 

200 


25 



A VS 

Large Signal Voltage Gain 

V 0 = ±10V, R L £ 75 kfl 

50 



50 



bb 

v OP 

Output Voltage Swing 

R L = 75 kfl 

±10 






■B 
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Electrical Characteristics t a = 25°c, v G c = ±3.ov, unless otherwise specified 

Symbol 

Parameter 

Conditions 

•set = 1-5 ^ A 

•set = 15 IX A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

V|0 

Input Offset Voltage 

R s ^ 10 kn 


2.0 

6.0 


2.0 

6.0 

mV 

V|0 adj 

Input Offset Voltage Adjustment 
Range 



9.0 



18 


mV 

ho 

Input Offset Current 



0.7 

6.0 


2.0 

25 

nA 

l|B 

Input Bias Current 



2.0 

10 


15 

50 

nA 

Z| 

Input Impedance 



50 



5.0 


Mn 

>CC 

Supply Current 



13 

20 


130 

170 

jllA 

Pc 

Power Consumption 



78 

120 


780 

1020 

jmW 

>os 

Output Short Circuit Current 



3.0 



5.0 


mA 

Avs 

Large Signal Voltage Gain 

V 0 = ±1.0V,R L ^ 75 kn 

25 

200 





V/mV 

v 0 = ± i.ov, r l ;> 5.o kn 




25 

200 


TR 

Transient Response 

Rise Time 

V| = 20 mV, R L ;> 5.0 kn, 
C L = 100 pF, A v = 1.0 


3.0 



0.6 


juts 

Overshoot 


0 



5 


% 

SR 

Slew Rate 

R|_ = 5.0 kn, Ay =1.0 


0.03 



0.35 


V/jllS 

The following specifications apply 0°C ^ Ta ^ +70°C 

Vio 

Input Offset Voltage 

R s ^ 10 kn 



7.5 



7.5 

mV 

l|0 

Input Offset Current 

T a = 70°C 



6.0 



25 

nA 

t a = o°c 



10 



40 

>IB 

Input Bias Current 

T a = 70°C 



10 



50 

nA 

T A = 0°C 



20 



100 

Icc 

Supply Current 




25 



180 

juA 

Pc 

Power Consumption 




150 



1080 

julW 

CMR 

Common Mode Rejection 

r s ^ io kn 

70 

86 


70 

86 


dB 

V|R 

Input Voltage Range 


±1.0 



±1.0 



V 

PSRR 

Power Supply Rejection Ratio 

R s <; io kn 


25 

200 


25 

200 

1 ulV/V 

Avs 

Large Signal Voltage Gain 

V 0 = ±1.0V, R l ^ 75 kn 

25 






V/mV 

V 0 = ±1.0V, R l ^> 5.0 kn 




25 



Vqp 

Output Voltage Swing 

R l = 75 kn 

±2.0 

±2.4 





V 

r l = 5.o kn 




±2.0 

±2.1 
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Typical Performance Characteristics for LM776 and LM776C 


Input Bias Current vs 



0.01 0.1 1 10 100 



-60 -20 20 60 100 140 


Input Offset Current vs 



-60 -20 20 60 100 140 


SET CURRENT (pA) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 



0 1 10 100 


SET CURRENT (piA) 


Change in Input Offset Voltage 




0.01 0.1 1 10 100 
SET CURRENT QxA) 


Input Noise Voltage and 



10 100 1.0k 10k 100k 



0.01 0.1 1 10 100 


Optimum Source Resistor for 
Minimum Noise vs Set Current 



0.01 0.1 1 10 100 


FREQUENCY (Hz) 


SET CURRENT (/zA) 


SET CURRENT (/iA) 


Output Voltage Swing vs 



1.0k 10k 100k 1M 


Output Voltage Swing vs 
Supply Voltage 



0 ±3 ±6 ±9 ±12 ±15 ±18 


Gain Bandwidth Product vs 



0.1 1 10 100 


LOAD RESISTANCE (G) 


SUPPLY VOLTAGE (V) 


l SET - SET CURRENT (/iA) 

TL/H/1 0073-4 
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Applications Information 


Quiescent Current Setting Resistor 
OsETtoV-) 


Vs 

■set 

1.5 ju,A 

15 jliA 

± 1.5V 

i.7 Ma 

170 ka 

±3.0V 

3.6 Ma 

360 ka 

±6.0V 

7.5 Ma 

750 ka 

± 15V 

20 Ma 

2.0 Ma 


Note: The LM776 may be operated with Rset connected to ground or V. 


Biasing Circuits 


Resistor Biasing 
v+ 



R S et Connected to Ground 


TL/H/1 0073-6 


v+ 



Rset Connected to V - 

*Recommended for supply voltages less than ±6V. 


TL/H/1 0073-7 


•set = * 


Iset Equations 

(V + ) - 0.7 - (V~) 
Rset 

where: 

Rset is connected to V - 
(V+) - 0.7 

•set = a 

Rset 

where: 

Rset ' s connected to ground. 


Voltage Offset Null Circuit 



TL/H/10073-9 


FET Current Source Biasing 



TL/H/10073-10 


Transistor Current Biasing 



TL/H/1 0073-8 


Transient Response Test Circuit 
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National 

Semiconductor 


LM833 Dual Audio Operational Amplifier 


General Description 

The LM833 is a dual general purpose operational amplifier 
designed with particular emphasis on performance in audio 
systems. 

This dual amplifier 1C utilizes new circuit and processing 
techniques to deliver low noise, high speed and wide band- 
width without increasing external components or decreasing 
stability. The LM833 is internally compensated for all closed 
loop gains and is therefore optimized for all preamp and 
high level stages in PCM and HiFi systems. 

The LM833 is pin-for-pin compatible with industry standard 
dual operational amplifiers. 


Features 


a Wide dynamic range 

>140 dB 

■ Low input noise voltage 

4.5 nV/VHz 

m High slew rate 

7 V/juts (typ) 


5 V/jxs (min) 

m High gain bandwidth product 

15 MHz (typ) 


10 MHz (min) 

m Wide power bandwidth 

120 kHz 

m Low distortion 

0.002% 

m Low offset voltage 

0.3 mV 

m Large phase margin 

60° 


Schematic Diagram (1/2LM833) 



Connection Diagram 



See NS Package Number 
M08A or N08E 


PHONO 

CARTRIDGE 



A Weighted, Vin = 1 0 mV 
@ f = 1 kHz 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage Vqc-Vee 36V 

Differential Input Voltage (Note 1 ) V|q ± 30V 

Input Voltage Range (Note 1 ) V|c ± 1 5V 

Power Dissipation (Note 2) Pd 500 mW 

Operating Temperature Range Tqpr -40 ~ 85°C 
Storage Temperature Range Tstg -60 ~ 150°C 


Soldering Information 
Dual-In-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


DC Electrical Characteristics <t a 


>0°C ESD tolerance (Note 3) 

25°C, V s = ±15V) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

R s = ion 


0.3 

5 

mV 

•os 

Input Offset Current 



10 

200 

nA 

•b 

Input Bias Current 



500 

1000 

nA 

A v 

Voltage Gain 

R L = 2kn,V 0 = ±10V 

90 

110 


dB 

v OM 

Output Voltage Swing 

r l = 10 kn 

±12 

±13.5 


V 



r l = 2 kn 

±10 

±13.4 


V 

VcM 

Input Common-Mode Range 


±12 

±14.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V| N = ± 12V 

80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 15-5V, —15 5V 

80 

100 


dB 

Iq 

Supply Current 

Vo = ov, Both Amps 


5 

8 

mA 


AC Electrical Characteristics cr A = 25 »c, v s = ±isv, r l = 2 m 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

SR 

Slew Rate 

R L = 2 kn 

5 

7 


V//xs 

GBW 

Gain Bandwidth Product 

f = 100 kHz 

10 

15 


MHz 


Design Electrical Characteristics (t a 

The following parameters are not tested or guaranteed. 


25°C, V s : 


Symbol 

Parameter 

Conditions 

Typ 

Units 

AV 0S /AT 

Average Temperature Coefficient 
of Input Offset Voltage 


2 

julV/°C 

THD 

Distortion 

R L = 2 kfl, f = 20 ~ 20 kHz 
v 0UT = 3 Vrms, Ay = 1 

0.002 

% 

e n 

Input Referred Noise Voltage 

R s = 100ft, f = 1 kHz 

4.5 

nVA/Hz 

>n 

Input Referred Noise Current 

f = 1 kHz 

0.7 

pA/VHz 

PBW 

Power Bandwidth 

V 0 = 27 V pp , R l = 2 kft, THD ^ 1 % 

120 

kHz 

fu 

Unity Gain Frequency 

Open Loop 

9 

MHz 

</>M 

Phase Margin 

Open Loop 

60 

deg 


Input Referred Cross Talk 

f = 20-20 kHz 

-120 

dB 


Note 1: if supply voltage is less than ±15V, it is equal to supply voltage. 
Note 2: This is the permissible value at Ta ^ 85°C. 

Note 3: Human body model, 1.5 kfl in series with 100 pF. 
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Typical Performance Characteristics (Continued) 


Slew Rate vs 
Ambient Temperature 


Vs = ±15V 
Rl = 2 kfl Av = 1 


T RISING ! !— 1 


^2k 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Slew Rate vs 
Supply Voltage 



TL/H/5218-13 


TL/H/5218-14 


Maximum 
Output Voltage vs 



5 10 15 20 

SUPPLY VOLTAGE ( + V) 

TL/H/5218-16 


Maximum 
Output Voltage vs 
Ambient Temperature 


Vs = 

± 15V 





Rl = 

= 10 k 

i 

+ V 0 M 



rmm- 



= LJ-'" 


— 












































-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


TL/H/5218-17 


CMR vs Frequency 



FREQUENCY (Hz) 

TL/H/5218-19 


Distortion vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/5218-20 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

TL/H/5218-15 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

TL/H/5218-18 
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Typical Performance Characteristics (Continued) 


£2 — . 


DC = 
ui Ui 
UJ CD 



Spot Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


TL/H/5218-21 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/5218-22 


Input Referred Noise Voltage 



i. I 1 1 ■ — — - — ■ 

100 Ik 10k 100k 1M 

SOURCE RESISTANCE (fl) 

TL/H/5218-23 


Noninverting Amp 




Noninverting Amp 


TIME (0.2/xS/DIV) 



TL/H/5218-24 

Inverting Amp 



TIME (2 /xS/DIV) 


TL/H/5218-25 


TIME (2 /xS/DIV) 


TL/H/5218-26 


Application Hints 

The LM833 is a high speed op amp with excellent phase 
margin and stability. Capacitive loads up to 50 pF will cause 
little change in the phase characteristics of the amplifiers 
and are therefore allowable. 


Capacitive loads greater than 50 pF must be isolated from 
the output. The most straightforward way to do this is to put 
a resistor in series with the output. This resistor will also 
prevent excess power dissipation if the output is accidental- 
ly shorted. 
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Noise Measurement Circuit 


Complete shielding is required to prevent induced pick up from external 
sources. Always check with oscilloscope for power line noise. 


+ Vcc -Vee 



RIAA PREAMP FLAT AMP. 40 dB + 40 dB 

35 dB, f = 1 kHz 


TL/H/5218-27 


Total Gain: 115 dB @f = 1 kHz 
Input Referred Noise Voltage: e n = V0/560,000 (V) 


RIAA Preamp Voltage Gain, RIAA 
Deviation vs Frequency 



Flat Amp Voltage Gain vs 
Frequency 
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10 100 Ik 10k 100k 

FREQUENCY (Hz) 


TL/H/5218-28 


TL/H/5218-29 




Typical Applications 


NAB Preamp 



NAB Preamp Voltage Gain 


Ay = 34.5 
F = 1 kHz 
E n = 0.38 jllV 
A Weighted 



100 Ik 10k 20k 

FREQUENCY (Hz) 


TL/H/5218-30 


TL/H/5218-31 


Balanced to Single Ended 
Converter 

R 



Adder/Subtracter 



Sine Wave Oscillator 



Second Order High Pass Filter 
(Butterworth) 


R1 

11k 



Cl = C2 = C 


Second Order Low Pass Filter 
(Butterworth) 

ci 

0.022 ptF 



Cl 


_£ L 

o) 0 R 


C2 


Cl 

2 


R2 = 2«R1 

Illustration is fo = 1 kHz 


Illustration is fo = 1 kHz 



Typical Applications (Continued) 


State Variable Filter 


R2 

10k 


f ° 27rC1R1 ,Q 2 ( 1 

Illustration is fo = 1 kHz, 



Q = 10, Aqp = 1 


AC/DC Converter 



2 Channel Panning Circuit (Pan Pot) 


3.41R1 

51k 



Line Driver 

R2 



TL/H/5218-39 


TL/H/5218-40 
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National 

Semiconductor 


LM837 Low Noise Quad Operational Amplifier 


General Description 

The LM837 is a quad operational amplifier designed for low 
noise, high speed and wide bandwidth performance. It has a 
new type of output stage which can drive a 600fl load, mak- 
ing it ideal for almost all digital audio, graphic equalizer, pre- 
amplifiers, and professional audio applications. Its high per- 
formance characteristics also make it suitable for instru- 
mentation applications where low noise is the key consider- 
ation. 

The LM837 is internally compensated for unity gain opera- 
tion. It is pin compatible with most other standard quad op 
amps and can therefore be used to upgrade existing sys- 
tems with little or no change. 


Features 


■ High slew rate 

10 V/jlis (typ) 


8 V/jlis (min) 

■ Wide gain bandwidth product 

25 MHz (typ) 


15 MHz (min) 

■ Power bandwidth 

200 kHz (typ) 

■ High output current 

±40 mA 

■ Excellent output drive performance 

>600n 

■ Low input noise voltage 

4.5 nVA/Hz 

■ Low total harmonic distortion 

0.0015% 

■ Low offset voltage 

0.3 mV 


Schematic and Connection Diagrams 



Dual-In-Line Package 



TL/H/9047-2 

Top View 


Order Number LM837M or LM837N 
See NS Package Number M14A or 
N14A 
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LM837 



LM837 


Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales Dual-ln-Line Package 

Office/Distributors for availability and specifications. Soldering (10 seconds) 260°C 

Supply Voltage V C c/Vee +18V Small Outline Package 

«»v ss 

Common Mode Input Voltage ,. . , . . , 

(Note 1) Vic +15V ESD rating is to be determined. 

Power Dissipation (Note 2) P D 1 ,2W (N) Se e A N- 4 50 "Surface Mounting Methods and Their Effect 

u Q30 . on Product Reliability for other methods of soldering sur- 

' face mount devices. 

Operating Temperature Range Tqpr -40°Cto+85°C 

Storage Temperature Range Tstg -60°C to +150°C 

DC Electrical Characteristics t a = 25 c, v s = ±isv 

Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

Rs = 50ft 


0.3 

5 

mV 

•os 

Input Offset Current 



10 

200 

nA 

•b 

Input Bias Current 



500 

1000 

nA 

Av 

Large Signal Voltage Gain 

R L = 2kft,V 0 UT = ± 10V 

90 

110 


dB 

VOM 

Output Voltage Swing 

R L = 2 kft 

±12 

±13.5 


V 

R[_ = 600ft 

±10 

±12.5 


V 

VCM 

Common Mode Input Voltage 


±12 

±14.0 


V 

CMRR 

Common Mode Rejection Ratio 

V| N = ± 12V 

80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 15 ~ 5, -15 5 

80 

100 


dB 

Is 

Power Supply Current 

r l = oo, Four Amps 


10 

15 

mA 

AC Electrical Characteristics t a = 25 c, v s = ± isv 

Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

SR 

Slew Rate 

R|_ = 600ft 

8 

10 


V/jLtS 

GBW 

Gain Bandwidth Product 

f = 100 kHz, R l = 600ft 

15 

25 


MHz 

Design Electrical Characteristics t a = 25°c, v s = ±isv(Note3) 

Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

PBW 

Power Bandwidth 

V 0 = 25 Vp.p, R l = 600ft, THD < 1 % 


200 


kHz 

e n1 

Equivalent Input Noise Voltage 

JIS A, R s = 100ft 


0.5 


j^V 

®n2 

Equivalent Input Noise Voltage 

f = 1 kHz 


4.5 


nVA/Hz 

in 

Equivalent Input Noise Current 

f = 1 kHz 


0.7 


pA/ViHz 

THD 

Total Harmonic Distortion 

Ay = 1 , Vout = 3 Vrms, 
f = 20 ~ 20 kHz, R L = 600ft 


0.0015 


% 

fu 

Zero Cross Frequency 

Open Loop 


12 


MHz 


Phase Margin 

Open Loop 


45 


deg 

Input-Referred Crosstalk 

f = 20 ~ 20 kHz 


-120 


dB 

AV 0S /AT 

Average TC of Input Offset Voltage 



2 


juA//°C 

Note 1: Unless otherwise specified the absolute maximum input voltage is equal to the power supply voltage. 

Note 2: For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance, junction to ambient, as follows: LM837N, 90°C/W; LM837M, 150°C/W. 

Note 3: The following parameters are not tested or guaranteed. 
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LM837 



MAXIMUM OUTPUT VOLTAGE (V) NEGATIVE OUTPUT VOLTAGE (V) SUPPLY CURRENT (mA) MAXIMUM POWER DISSIPATION (W) 



■IIIIIIHIIIIIIIIHIIIIIIII 

iiiiiiimiiiiiimiiiiiiil 

■llllllMIklllllHIIIIIIIll 


■50 -25 0 25 50 75 100 125 150 

-50 -25 0 25 50 75 100 125 150 

10 3 

10 4 10 5 10 6 10 7 

AMBIENT TEMPERATURE (°C) 

AMBIENT TEMPERATURE (°C) 


FREQUENCY (Hz) 




TL/H/9047-4 






Typical Performance Characteristics (Continued) 


£ o 
22 


Normalized Slew Rate & 

Gain Bandwidth vs 
Supply Voltage (f = 100 kHz) 


T A =25°C 



R l = 600J 

1 











G 

JW 


_ 

2 





















Normalized Slew Rate & 

Gain Bandwidth (f = 100 kHz) 



Voltage Gain vs 
Supply Voltage 

130 u 1 


T a =25°C 
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0 5 10 15 20 


SUPPLY VOLTAGE (±V) 


AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE (±V) 


Voltage Gain vs 
Ambient Temperature 



-50-25 0 25 50 75 100 125 150 


Power Supply Rejection 
vs Frequency 

160 I T -ocor I I I llllll I 1 1 llllll I I I mill 


T a =2. 

v s =± 

5°C 














15V 
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CMRR vs Frequency 



TEMPERATURE (°C) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


Equivalent Input Noise 



FREQUENCY (Hz) 


Equivalent Input Noise 



FREQUENCY (Hz) 


TL/H/9047-5 
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National 

Semiconductor 


LM 1558/0/1 1458 Dual Operational Amplifier 


General Description 

The LM1558 and the LM1458 are general purpose dual op- 
erational amplifiers. The two amplifiers share a common 
bias network and power supply leads. Otherwise, their oper- 
ation is completely independent. 

The LM1458 is identical to the LM1558 except that the 
LM1458 has its specifications guaranteed over the tempera- 
ture range from 0°C to +70°C instead of -55°C to 
+ 125°C. 


Features 

□ No frequency compensation required 

□ Short-circuit protection 

□ Wide common-mode and differential voltage ranges 

□ Low-power consumption 

□ 8-lead can and 8-lead mini DIP 

m No latch up when input common mode range is 
exceeded 


Schematic and Connection Diagrams 



Metal Can Package 


v + 



TL/H/7886-2 

Top View 

Order Number LM1558H 
or LM1458H 

See NS Package Number H08C 


Dual-ln-Line Package 



v + 

OUTPUT B 

INVERTING INPUT B 

NONINVERTING 
INPUT B 

TL/H/7886-3 


Order Number LM1558J, LM1458J, LM1458M or LM1458N 
See NS Package Number J08A, M08A or N08E 
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LM1558/LM1458 



LM 1 558/ LM 1458 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 4) 

Supply Voltage 


LM1558 

±22V 

LM1458 

±18V 

Power Dissipation (Note 1 ) 
LM1558H/LM1458H 

500 mW 

LM1458N 

400 mW 

Differential Input Voltage 

±30V 

Input Voltage (Note 2) 

±15V 

Output Short-Circuit Duration 

Continuous 


Operating Temperature Range 
LM1558 — 55°C to +125°C 

LM1458 0°C to + 70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Soldering Information 
Dual-In-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD tolerance (Note 5) 300V 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM1558 

LM1458 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, R s ^ 10kO 


1.0 

5.0 


1.0 

6.0 

mV 

Input Offset Current 

T a = 25°C 


80 

200 


80 

200 

nA 

Input Bias Current 

T a = 25°C 


200 

500 


200 

500 

nA 

Input Resistance 

T a = 25°C 

0.3 

1.0 


0.3 

1.0 


Mn 

Supply Current Both 
Amplifiers 

T a = 25°C, V s = ± 15V 


3.0 

5.0 


3.0 

5.6 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V 

V OU T = +10V, R l ^ 2kO 

50 

160 


20 

160 


V/mV 

Input Offset Voltage 

R s ^ 10 kn 








Input Offset Current 




500 



300 

nA 

Input Bias Current 




1.5 



0.8 

juA 

Large Signal Voltage Gain 

V s = ± 1 5V, Vqut = ±10V 
r l ^ kn 

25 



15 



V/mV 

Output Voltage Swing 

V s = ±15V,R L = 10 kn 

R L = 2 ka 

±12 

±14 


±12 

±14 


V 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

V s = ± 15V 

+ 12 



±12 



V 

Common Mode 

Rejection Ratio 

R s ^ 10 kn 

70 

90 


70 

90 


dB 

Supply Voltage 

Rejection Ratio 

R s ^ 10 kn 

77 

96 


77 

96 


dB 


Note 1: The maximum junction temperature of the LM1558 is 150°C, while that of the LM1458 is 100°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient or 20°C/W, junction to case. For the DIP the device must be derated 
based on a thermal resistance of 1 87°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for Vs = ± 1 5V and -55°C ^ T A ^ 125°C, unless otherwise specified. With the LM1458, however, all specifications are limited 
to 0°C <: T a ^ 70°C and V s = ± 1 5V. 

Note 4: Refer to RETS 1558V for LM1558J and LM1558H military specifications. 

Note 5: Human body model, 1.5 kft in series with 100 pF. 
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National 

Semiconductor 


LM2900/LM3900/LM3301/LM3401 Quad Amplifiers 


General Description 

The LM2900 series consists of four independent, dual input, 
internally compensated amplifiers which were designed 
specifically to operate off of a single power supply voltage 
and to provide a large output voltage swing. These amplifi- 
ers make use of a current mirror to achieve the non-invert- 
ing input function. Application areas include: ac amplifiers, 
RC active filters, low frequency triangle, squarewave and 
pulse waveform generation circuits, tachometers and low 
speed, high voltage digital logic gates. 


Features 

b Wide single supply voltage 4 Vqc to 32 Vqc 

Range or dual supplies ±2 Vqc to ±16 Vpc 

b Supply current drain independent of supply voltage 
fl Low input biasing current 30 nA 

b High open-loop gain 70 dB 

B Wide bandwidth 2.5 MHz (unity gain) 

B Large output voltage swing (V + - 1) Vp-p 

b Internally frequency compensated for unity gain 
b Output short-circuit protection 


Schematic and Connection Diagrams 



mirror See NS Package Number N14A 

TL/H/7936-1 

Order Number LM3900M 
See NS Package Number M14A 
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LM2900/LM3900/LM3301/LM3401 



LM2900/ LM3900/LM330 1 /LM340 1 


Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 



LM2900/ LM3900 

LM3301 

LM3401 

Supply Voltage 

32 V DC 

28 V DC 

18 V DC 


± 16 V DC 

±14 V DC 

±9 Vdc 

Power Dissipation (Ta = 25°C) (Note 1) 

Molded DIP 

S.O. Package 

1080 mW 

765 mW 

1080 mW 

1080 mW 

Input Currents, I|n + or I|n~ 

20 mApc 

20 mAoc 

20 mAcc 

Output Short-Circuit Duration— One Amplifier 

Continuous 

Continuous 

Continuous 

Ta = 25°C (See Application Hints) 

Operating Temperature Range 

LM2900 

LM3900 

— 40°C to +85°C 

0°C to +70°C 

— 40°C to +85°C 

0°Cto +75°C 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°Cto + 150°C 

— 65°Cto + 150°C 

Lead Temperature (Soldering, 10 sec.) 

260°C 

260°C 

260°C 

Soldering Information 

Dual-In-Line Package 

Soldering (10 sec.) 

260°C 

260°C 

260°C 

Small Outline Package 

Vapor Phase (60 sec.) 

215°C 

215°C 

215°C 

Infrared (15 sec.) 

220°C 

220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 

ESD tolerance (Note 7) 2000V 2000V 2000V 


Electrical Characteristics Ta = 25°C, V + = 15 Vdc. unless otherwise stated 


Parameter 

Conditions 

LM2900 

LM3900 

LM3301 

LM3401 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Open 

Loop 

Voltage Gain 

Over Temp. 

AV 0 = 10 V DC 

Inverting Input 










0.8 



V/mV 

Voltage Gain 

1.2 

2.8 


1.2 

2.8 


1.2 

2.8 


1.2 

2.8 


Input Resistance 


1 



1 



1 


0.1 

1 


M Cl 

Output Resistance 


8 



8 



9 



8 


kft 

Unity Gain Bandwidth 

Inverting Input 


2.5 



2.5 



2.5 



2.5 


MHz 

Input Bias Current 

Inverting Input, V + = 5 Vdc 
I nverting Input 


30 

200 


30 

200 


30 

300 


30 

300 

500 


Slew Rate 

Positive Output Swing 

Negative Output Swing 


0.5 

20 



0.5 

20 




■ 

■ 


■ 


Supply Current 

r l = oo On All Amplifiers 


6.2 

10 


^3 

10 



Bl 


6.2 

10 

mA D c 

Output 

Voltage 

Swing 

Vqut High 

R L = 2k, 

V + = 15.0 V DC 

V + = Absolute 
Maximum Ratings 

■in = 

I| N + = 0 

13.5 



13.5 



13.5 

1 

■ 

13.5 



Vdc 

VoUT L° w 

l|N = 10 fiA, 
l|N + = 0 


0.09 

0.2 


0.09 

0.2 


0.09 

0.2 


0.09 

0.2 

Vout High 

i|N~ = 0. 

I| N + = 0 

Rl = oo, 

29.5 



29.5 

l 

i 

26.0 

l 

i 

16.0 



Output 

Current 

Capability 

Source 


6 

18 


6 

ESI 


B 


■ 

Q 

m 

■ 

mA D c 

Sink 

(Note 2) 

0.5 

1.3 


0.5 

IB 


Hfl! 

■B 

■ 

l«H 

IB 

■ 

•sink 

Vql = IV, I|n _ = 5 juA 


5 



■ 



IQ 

■ 


L» 

i 
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Electrical Characteristics (Note 6), V + = 15 Vdc, unless otherwise stated (Continued) 


Parameter 

Conditions 

LM2900 

LM3900 

LM3301 

LM3401 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Power Supply Rejection 

T a = 25°C,f = 100 Hz 


70 



70 



70 



70 


dB 

Mirror Gain 

@ 20 jlaA (Note 3) 

0.90 

1.0 

1.1 

0.90 

1.0 

1.1 

0.90 

1 

1.10 

0.90 

1 

1.10 

/xA/jliA 


@ 200 fxA (Note 3) 

0.90 

1.0 

1.1 

0.90 

1.0 

1.1 

0.90 

1 

1.10 

0.90 

1 

1.10 

AMirror Gain 

@ 20 fx A to 200 juA (Note 3) 


2 

5 


2 

5 


2 

5 


2 

5 

% 

Mirror Current 

(Note 4) 


10 

500 


10 

500 


10 

500 


10 

500 

/J-Adc 

Negative Input Current 

T a = 25°C (Note 5) 


1.0 



1.0 



1.0 



1.0 


mAoc 

Input Bias Current 

Inverting Input 


300 



300 








nA 


Note 1: For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal resistance of 92°C/W 
which applies for the device soldered in a printed circuit board, operating in a still air ambient. Thermal resistance for the S.O. package is 131°C/W. 


Note 2: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This is shown in the section on Typical 
Characteristics. 

Note 3: This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

Note 4: Input Vbe match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting input current) of approximately 10 juA This is 
therefore a typical design center for many of the application circuits. 

Note 5: Clamp transistors are included on the 1C to prevent the input voltages from swinging below ground more than approximately -0.3 Vdc- The negative input 
currents which may result from large signal overdrive with capacitance input coupling need to be externally limited to values of approximately 1 mA. Negative input 
currents in excess of 4 mA will cause the output voltage to drop to a low voltage. This maximum current applies to any one of the input terminals. If more than one 
of the input terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mode current biasing can be used to prevent negative 
input voltages; see for example, the “Differentiator Circuit” in the applications section. 

Note 6: These specs apply for -40°C ^ Ta ^ +85°C, unless otherwise stated. 

Note 7: Human body model, 1.5 kft in series with 100 pF. 


Application Hints 

When driving either input from a low-impedance source, a 
limiting resistor should be placed in series with the input 
lead to limit the peak input current. Currents as large as 
20 mA will not damage the device, but the current mirror on 
the non-inverting input will saturate and cause a loss of mir- 
ror gain at mA current levels — especially at high operating 
temperatures. 

Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive junction temperatures. For example, when operating 
from a well-regulated +5 Vpc power supply at T A = 25°C 
with a 1 00 kft shunt-feedback resistor (from the output to 
the inverting input) a short directly to the power supply will 
not cause catastrophic failure but the current magnitude will 
be approximately 50 mA and the junction temperature will 
be above Tj max. Larger feedback resistors will reduce the 
current, 1 1 Mft provides approximately 30 mA, an open cir- 
cuit provides 1 .3 mA, and a direct connection from the out- 
put to the non-inverting input will result in catastrophic fail- 
ure when the output is shorted to V + as this then places the 
base-emitter junction of the input transistor directly across 
the power supply. Short-circuits to ground will have magni- 
tudes of approximately 30 mA and will not cause cata- 
strophic failure at T A = 25°C. 


Unintentional signal coupling from the output to the non-in- 
verting input can cause oscillations. This is likely only in 
breadboard hook-ups with long component leads and can 
be prevented by a more careful lead dress or by locating the 
non-inverting input biasing resistor close to the 1C. A quick 
check of this condition is to bypass the non-inverting input 
to ground with a capacitor. High impedance biasing resis- 
tors used in the non-inverting input circuit make this input 
lead highly susceptible to unintentional AC signal pickup. 
Operation of this amplifier can be best understood by notic- 
ing that input currents are differenced at the inverting-input 
terminal and this difference current then flows through the 
external feedback resistor to produce the output voltage. 
Common-mode current biasing is generally useful to allow 
operating with signal levels near ground or even negative as 
this maintains the inputs biased at +Vbe- Internal clamp 
transistors (see note 5) catch-negative input voltages at ap- 
proximately -0.3 Vpc but the magnitude of current flow has 
to be limited by the external input network. For operation at 
high temperature, this limit should be approximately 100 juA 
This new “Norton” current-differencing amplifier can be 
used in most of the applications of a standard 1C op amp. 
Performance as a DC amplifier using only a single supply is 
not as precise as a standard 1C op amp operating with split 
supplies but is adequate in many less critical applications. 
New functions are made possible with this amplifier which 
are useful in single power supply systems. For example, 
biasing can be designed separately from the AC gain as was 
shown in the “inverting amplifier,” the “difference integra- 
tor” allows controlling the charging and the discharging of 
the integrating capacitor with positive voltages, and the “fre- 
quency doubling tachometer” provides a simple circuit 
which reduces the ripple voltage on a tachometer output DC 
voltage. 
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LM2900/LM3900/LM3301/LM3401 


Typical Performance Characteristics 


Open Loop Gain 



10 2 10 3 10* 10 s 10 6 10 7 
f- FREQUENCY (Hi) 



-55 -25 5 35 65 95 125 

T a - TEMPERATURE (°C) 



0 5 10 15 20 25 30 

V + - SUPPLY VOLTAGE (V oc ) 



Voltage Gain 



0 5 10 15 20 25 30 

V 4 -SUPPLY VOLTAGE (V DC ) 


Voltage Gain 



-55 -25 5 35 65 95 125 

T A - TEMPERATURE (°C) 


10 

8 

6 

4 

2 

0 5 10 15 20 25 30 

V 4 -SUPPLY VOLTAGE (V*;) 


Supply Current 



i 

0 
z 

1 

=3 

| 


Large Signal Frequency 
Response 



100 Ik 10k 100k 1M 10M 

f- FREQUENCY (Hi) 


Output Class-A Bias Current 



0 5 10 15 20 25 30 

V + -SUPPLY VOLTAGE (Vdc) 


Output Source Current 



0 5 10 15 20 25 30 


V + - SUPPLY VOLTAGE (Vnr) 


Mirror Gain 



T a - TEMPERATURE (°C) 


Maximum Mirror Current 



-55 -25 5 35 65 95 125 

T A - TEMPERATURE ( C) 


TL/H/7936-9 
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Typical Applications (v + = 15 v DC ) 

Inverting Amplifier 


HE 


Triangle/Square Generator 


AA 




TL/H/7936-3 

1.2M 1 120K 

v + CHVNAri —* WVr- 

_i 


IT 

Frequency-Doubling Tachometer 

Low Vin - Vqut Voltage Regulator 

TL/H/7936-4 


Non-Inverting Amplifier 


Negative Supply Biasing 


> 2R2 v _ V + 

> V 0 DC - — 

6 A _ 

V+ V “ R1 


v, N R3> » 


LM3900 ^ + O v o 


V ° D0 = 1 V " 

_ R2 TL/H/7936-8 







LM2900/LM3900/LM3301/LM3401 
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LM2900/LM3900/LM3301/LM3401 







Typical Applications <v + = 1 5 v DC ) (continued) 

Low-Voltage Comparator 


Power Comparator 


v + 

O No negative voltage limit if 













LM2900/LM3900/LM330 1/LM3401 






LM2900/LM3900/LM3301/LM3401 


Typical Applications <v + = 1 5 v DC ) (continued) 


Low-Frequency Mixer 



TL/H/7936-38 


Free-Running Staircase Generator/Pulse Counter 




TL/H/7936-39 
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LM2900/LM3900/LM3301 /LM340 1 



LM2900/LM3900/LM3301/LM3401 
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LM2900/LM3900/LM3301/LM3401 



LM2900/LM3900/LM3301/LM3401 
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Typical Applications (v + = 1 5 v DC ) (continued) 

Phase-Locked Loop 



TL/H/7936-49 


Boosting to 300 mA Loads 

V + (15V 0C ) 



TL/H/7936-50 
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National 

Semiconductor 


LM3080/LM3080A 

Operational Transconductance Amplifier 


General Description 

The LM3080 is a programmable transconductance block in- 
tended to fulfill a wide variety of variable gain applications. 
The LM3080 has differential inputs and high impedance 
push-pull outputs. The device has high input impedance and 
its transconductance (g m ) is directly proportional to the am- 
plifier bias current (Iabc)- 

High slew rate together with programmable gain make the 
LM3080 an ideal choice for variable gain applications such 
as sample and hold, multiplexing, filtering, and multiplying. 
The LM3080N and LM3080AN are guaranteed from 0°C to 
+ 70°C. 


Features 

■ Slew rate (unity gain compensated): 50 V/jus 

■ Fully adjustable gain: 0 to g m • Rl limit 

■ Extended g m linearity: 3 decades 

■ Flexible supply voltage range: ±2V to ±18V 

■ Adjustable power consumption 


Schematic and Connection Diagrams 


AMPLIFIER 
BIAS INPUT 



Dual-ln-Line Package 



1_ AMPLIFIER 
BIAS INPUT 


Top View 

Order Number LM3080AN or LM3080N 
See NS Package Number N08E 
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I/LM3080A 



LM3080/LM3080A 


Absolute Maximum Ratings 








If Military/ Aerospace specified devices are required, Amplifier Bias Current (Iabc) 




2 mA 

please contact the National Semiconductor Sales DC InDut Voltaae 




+ Vq to 

-Vo 

Office/Distributors for availability and specifications. 0ut , Short Circui , Duration 


Indefinite 

Supply Voltage (Note 2) 
LM3080 

aw Operating Temperature Range 




- ,uv 

LM3080N or LM3080AN 



0°Cto +70°C 

LM3080A 

±22V 








Power Dissipation 

Differential Input Voltage 

Storage Temperature Range 


— 65°Cto +150°C 

, Lead T emperature (Soldering, 1 0 sec.) 

± 5 V 

260°C 

Electrical Characteristics (Notei) 











LM3080 



LM3080A 


Parameter 

Conditions 






Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 



0.4 

5 


0.4 

2 

mV 


Over Specified Temperature Range 



6 



5 

mV 


Iabc = 5 M 


0.3 



0.3 

2 

mV 

Input Offset Voltage Change 

5 juA ^ Iabc ^ 500 jjlA 


0.1 



0.1 

3 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

juA 

Input Bias Current 



0.4 

5 


0.4 

5 

juA 


Over Specified Temperature Range 


1 

7 


1 

8 

jxA 

Forward Transconductance (g m ) 


6700 

9600 

13000 

7700 

9600 

12000 

jamho 


Over Specified Temperature Range 

5400 



4000 



jamho 

Peak Output Current 

Ri_ = o. Iabc = 5 ^a 


5 


3 

5 

7 

jaA 


R l = 0 

350 

500 

650 

350 

500 

650 

juA 


R[_ = 0 

Over Specified Temperature Range 

300 



300 



/aA 

Peak Output Voltage 









Positive 

r l = oo,5jliA ^ Iabc ^ 500 ju,A 

+ 12 

+ 14.2 


+ 12 

+ 14.2 


V 

Negative 

R[_ = oo, 5 jxA ^ Iabc ^ 500 /a A 

-12 

-14.4 


-12 

-14.4 


V 

Amplifier Supply Current 



1.1 



1.1 


mA 

Input Offset Voltage Sensitivity 









Positive 

^ v OFFSET/AV + 


20 

150 


20 

150 

juV/V 

Negative 

AVqfFSET/AV- 


20 

150 


20 

150 

jllV/V 

Common Mode Rejection Ratio 


80 

110 


80 

110 


dB 

Common Mode Range 


±12 

+ 14 


±12 

±14 


V 

Input Resistance 


10 

26 


10 

26 


k a 

Magnitude of Leakage Current 

■abc = 0 


0.2 

100 


0.2 

5 

nA 

Differential Input Current 

Iabc = l n P ut = ±4V 


0.02 

100 


0.02 

5 

nA 

Open Loop Bandwidth 



2 



2 


MHz 

Slew Rate 

Unity Gain Compensated 


50 



50 


V/jaS 

Note 1: These specifications apply for Vs = ± 15V and Ta = 25°C, amplifier bias current (Iabc) 

= 500 juA, unless otherwise specified. 



Note 2: Selection to supply voltage above +22V, contact the factory. 
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Typical Performance Characteristics 

Input Offset Voltage Input Offset Current 
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Input Resistance 
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Input Bias Current 
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Amplifier Supply Current 


t i 
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Input Leakage 



DIFFERENTIAL INPUT VOLTAGE (V) 

Amplifier Bias Voltage vs 
Amplifier Bias Current 
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LM3080/LM3080A 



LM3080/LM3080A 


Typical Performance Characteristics (Continued) 


Input and Output Capacitance 

7 
6 
5 
4 
3 
2 
1 
0 

0.1 1.0 10 100 1000 
Iabc-amplifier BIAS CURRENT U<A) 

TL/H/7148-4 



Output Resistance 



TL/H/7148-5 


Leakage Current Test Circuit Unity Gain Follower 
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National 
Semiconductor 

LM3303/LM3403/LM3503 
Quad Operational Amplifiers 

General Description 

The LM3303, LM3403, and LM3503 are monolithic quad op- 
erational amplifiers consisting of four independent high gain, 
internally frequency compensated, operational amplifiers 
designed to operate from a single power supply or dual 
power supplies over a wide range of voltages. The common 
mode input range includes the negative supply, thereby 
eliminating the necessity for external biasing components in 
many applications. 

Features 

■ Input common mode voltage range includes ground or 
negative supply 

n Output voltage can swing to ground or negative supply 


m Four internally compensated operational amplifiers in a 
single package 

■ Wide power supply range single supply of 3.0V to 36V 
dual supply of ±1.5V to ±18V 

■ Class AB output stage for minimal crossover distortion 

■ Short circuit protected outputs 
n High open loop gain 200k 

n LM741 operational amplifier type performance 

Applications 

n Filters 

m Voltage controlled oscillators 



Connection Diagram 

14-Lead DIP and SO-14 Package 



Order Information 


Device 

Package 

Package 

Code 

Code 

Description 

LM3303J 

J14A 

Ceramic DIP 

LM3303N 

N14A 

Molded DIP 

LM3403J 

J14A 

Ceramic DIP 

LM3403N 

N14A 

Molded DIP 

LM3403M 

M14A 

Molded Surface Mount 

LM3503J 

J14A 

Ceramic DIP 


Equivalent Circuit <% of circuit) 


OUT 



TL/H/1 0064-2 
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LM3303/LM3403/LM3503 





Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature Range 
Ceramic DIP - 65°C to + 1 75°C 

Molded DIP and SO-1 4 -65°C to + 150°C 

Operating Temperature Range 
Military (LM3503) - 55°C to + 1 25°C 

Industrial (LM3303) - 40°C to + 85°C 

Commercial (LM3403) 0°C to + 70°C 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO-1 4 

(Soldering, 10 sec.) 265°C 


Internal Power Dissipation (Notes 1, 2) 
14L-Ceramic DIP 
14L-Molded DIP 
SO-1 4 

Supply Voltage between V+ andV— 
Differential Input Voltage (Note 3) 

Input Voltage 
ESD Tolerance 


1.36W 
1.04W 
0.93W 
36V 
+ 30V 

(V-) - 0.3V to V+ 
(To Be Determined) 


LM3303 and LM3403 

Electrical Characteristics t a = 25»c, v cc ■ 


Symbol 


Conditions 


: 1 5V, unless otherwise specified 

LM3303 

Min Typ Max 



Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Input Impedance 
Supply Current 
Common Mode Rejection 
Input Voltage Range 

Power Supply 
Rejection Ratio 

Output Short Circuit Current 
(Per Amplifier) (Note 4) 


Large Signal Voltage Gain 
Output Voltage Swing 


Vo = 0V, R|_ = 00 
Rs ^ 10 kH 



LM3403 | 

Units 

Max 

Min 

Typ 

Max 


8.0 


2.0 

8.0 

mV 

75 


30 

50 

nA 

500 


200 

500 

nA 


0.3 

1.0 


Mn 

7.0 


2.8 

7.0 

mA 


70 

90 


dB 


+ 12V + 12.5V 

toV- toV- 


Transient 

Response 


Rise Time/ 
Fall Time 


V 0 = +10V, 

R l ^ 2.0 kn 

R l = 10 kn 

R L = 2.0 kn 

V 0 = 50 mV, 

Ay = 1.0, R l = 10 kn 

V 0 = 5Q mV, 

Ay = 1.0, R L = 10 kn 

V 0 = 50 mV, 

Ay = 1.0, R l = 10 kn 





















Symbol 

Parameter 

Conditions 

LM3303 

LM3403 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

V| 0 

Input Offset Voltage 




10 



10 

mV 

AV i0 /AT 

Input Offset Voltage 

Temperature Sensitivity 



10 



10 


/xV/°C 

llO 

Input Offset Current 




250 



200 

nA 

AI| 0 /AT 

Input Offset Current 

Temperature Sensitivity 



50 



50 


pA/°C 

>IB 

Input Bias Current 




1000 



800 

nA 

Avs 

Large Signal Voltage Gain 

V 0 = +10V, 
R L ^ 2.0 kft 

15 



15 



V/mV 

Vqp 

Output Voltage Swing 

R L = 2.0 kn 

±10 



±10 



V 


LM3303 and LM3403 (Continued) 

Electrical Characteristics Ta = 25°C, Vcc = ± 1 5V, unless otherwise specified 

The following specifications apply for -40°C ^ Ta ^ +85°C for the LM3303, and 0°C ^ Ta < +70°C for the LM3403 


LM3303 and LM3403 

Electrical Characteristics Ta = 25°C, V+ = 5.0V, V- = GND, unless otherwise specified 


Symbol 

Parameter 

Conditions 

LM3303 

LM3403 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

V|0 

Input Offset Voltage 




8.0 


2.0 

8.0 

mV 

>10 

Input Offset Current 




75 


30 

50 

nA 

>IB 

Input Bias Current 




500 


200 

500 

nA 

>cc 

Supply Current 



2.5 

7.0 


2.5 

7.0 

mA 

PSRR 

Power Supply 

Rejection Ratio 




150 



150 

jULV/V 

Avs 

Large Signal Voltage Gain 

R L ^ 2.0 kf! 

20 

200 


20 

200 


V/mV 

Vop 

Output Voltage Swing 
(Note 5) 

r l = io m 

3.3 



3.3 



V 

5.0V ^ V+ ^ 30V, 

r l = io m 

(V+) 

-2.0 



(V + ) 

— 2.0 



CS 

Channel Separation 

I.OHz^f £20 kHz 
(Input Referenced) 


-120 



-120 


dB 


LM3503 

Electrical Characteristics Ta = 25°C, Vcc = ± 15V, unless otherwise specified 


Symbol 


Parameter 


Conditions 


LM3503 


Min 


Typ 


Max 


Units 


V| 0 


Input Offset Voltage 


2.0 


5.0 


mV 


>10 


Input Offset Current 


30 


50 


nA 


>IB 


Input Bias Current 


200 


500 


nA 


Input Impedance 


0.3 


1.0 


Mil 


>CC 


Supply Current 


V 0 = 0V, R L = oo 


2.8 


4.0 


mA 


CMR 


Common Mode Rejection 


Rs ^10 kn 


70 


90 


dB 
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LM3303/LM3403/LM3503 


LM35C 

Electr 

13 

cal Characteristics Ta = 25°C, Vcc = ±15V, unless otherwise specified (Continued) 

Symbol 

Parameter 

Conditions 

LM3503 

Units 

Min 

Typ 

Max 

V|R 

Input Voltage Range 


+ 13V 
toV- 

+ 13.5V 
toV- 


V 


Power Supply 

Rejection Ratio 



30 

IO 

JLlV/V 

•os 

Output Short Circuit Current 
(Per Amplifier) (Note 4) 


±10 

±30 

±45 

mA 

Avs 

Large Signal Voltage Gain 

V 0 = +10V, 

R|_ 2.0 kn 

50 

200 


V/ mV 

Vop 

Output Voltage Swin 

g 

r l = io kn 

±12 

±13.5 


V 


R L = 2.0 kn 

±10 

±13 


TR 

Transient 

Response 

Rise Time 

V 0 = 50 mV, 

A v = 1 . 0 , R l = 10 kn 


0.3 


JUS 

Overshoot 

V 0 = 50 mV, 

A v = 1 . 0 , Rl = 10 kn 


5.0 


% 

BW 

Bandwidth 


V 0 = 50 mV, 

A v = 1 . 0 , R L = 10 kn 


1.0 


MHz 

SR 

Slew Rate 

V| = -10V to + 10V, 

A v = 1.0 


0.6 


V/jns 

LM3503 

Electrical Characteristics 55 ”C T a < + 125°C,Vcc = + 15V, unless otherwise specified 

Symbol 

Parameter 

Conditions 

LM3503 

Units 

Min 

Typ 

Max 

V|0 

Input Offset Voltage 




6.0 

mV 

AV| 0 /AT 

Input Offset Voltage 

Temperature Sensitivity 



10 


ju,V/°C 

ho 

Input Offset Current 




200 

nA 

AI| 0 /AT 

Input Offset Current 

Temperature Sensitivity 



50 


pA/°C 

■iB 

Input Bias Current 




1200 

nA 

Avs 

Large Signal Voltage Gain 

V Q = ±10V, R l ^ 2.0 kn 

25 



V/mV 

Vop 

Output Voltage Swing 

R L = 2.0 kn 

±10 



V 

The following specifications apply for Ta = 25°C, V+ = + 5.0V, V- = GND 

Vio 

Input Offset Voltage 



2.0 

5.0 

mV 

ho 

Input Offset Current 



30 

50 

nA 

>IB 

Input Bias Current 



200 

500 

nA 

icc 

Supply Current 



2.5 

4.0 

mA 

PSRR 

Power Supply 

Rejection Ratio 




150 

JLlV/V 

Ays 

Large Signal Voltage Gain 

R l ^ 2.0 kn 

20 

200 


V/mV 

Vop 

Output Voltage Swing 
(Note 5) 

R L = 10 kn 

3.3 



V 

5.0V ^ V+ ^ 30V, 

r l = io kn 

(V+) 

-2.0 



cs 

Channel Separation 

1.0 Hz ^f ^ 20 kHz 
(Input Referenced) 


-120 


dB 

Note 1: Tj = 150°C for the Molded DIP and SO-14, and 175°C for the Ceramic DIP. 

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 14L-Ceramic DIP at 9.1 mW/°C, the 14L-Molded DIP at 8.3 mW/°C, and 
the SO-14 at 7.5 mW/°C. 

Note 3: For supply voltage less than 30V between V+ and V-, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: Not to exceed maximum package power dissipation. 

Note 5: Output will swing to ground. 
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OUTPUT VOLTAGE RANGE (V p . p ) OPEN LOOP VOLTAGE GAIN (dB) 


Typical Performance Characteristics 


Open Loop 
Frequency Response 



1.0 10 100 1.0k 10k 100k 1.0M 

FREQUENCY (Hz) 


Sine Wave Response 



llVillliViil 


Output Voltage 
vs Frequency 


1.0k 10k 100k 1.0M 

FREQUENCY (Hz) 


Output Swing vs 
Supply Voltage 



0 Z0 4.0 6.0 8.0 10 12 14 16 18 20 
SUPPLY VOLTAGE (±V) 


Input Bias Current 
vs Temperature 



-75-55-35-15 5 25 45 65 85 105125 
TEMPERATURE (°C) 


Input Bias Current 
vs Supply Voltage 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 
SUPPLY VOLTAGE (±V) 
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LM3303/LM3403/LM3503 


Typical Applications 

Multiple Feedback Bandpass Filter 



f 0 = center frequency 
BW = Bandwidth 
R in kSl 
C in juF 


TL/H/ 10064-4 


Cl = C2 = — 
3 


R1 = R2 = 1 R3 = 9Q 2 - 1 | Using scaling factors in these expressions. 

If source impedance is high or varies, filter may be preceded with voltage 
follower buffer to stabilize filter parameters. 


Design example: 


given: Q = 5, f 0 = 1 kHz 

Let R1 = R2 = 10 kft 
then R3 = 9(5)2 - io 
R3 = 215 kSl 


Wein Bridge Oscillator 

50 kfl 



= 1 kHz 


R = 1 6 kft 
C = 0.01 n F 


Comparator with Hysteresis 



R 1 

V !H = R1 ~ R2 (VOH ~ Vref) + Vref 

H “ rTTrI^™ “ VoL ) 


High Impedance Differential Amplifier 



Vout = C(1 + a + b)(V2 - VI) 

— = ^ for best CMRR 
R5 R7 

R1 = R4 
R2 = R5 

Gain= K i+ ^ L ) =c<i+a+b> 


AC Coupled Non-Inverting Amplifier 

R1 R2 

100 kn 1 Mil 



Ay = 1 1 (as shown) 


3-648 



Typical Applications (Continued) 

AC Coupled Inverting Amplifier 

Rf 

iookn 



Av = 10 (as shown) 


Voltage Reference 
v+ 



TL/H/ 10064- 10 

v ° = rTTr 2 ( “ ^" asshown ) 
v 0 =iv+ 


Ground Referencing a 
Differential Input Signal 



Pulse Generator 



Voltage Controlled Oscillator 



TL/H/ 10064- 12 


Note 1: Wide Control Voltage Range: 
0V ^ V C0 £ 2(V ±1.5V) 
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LM3303/LM3403/LM3503 


Typical Applications (Continued) 


Function Generator 


Note 2: f 



SQUARE WAVE 
OUT 


TL/H/1 0064-1 3 


Bi-Quad Filter 


R 



~ BW 

q = TT 

where: 

Tbp = Center Frequency Gain 
Tn = Bandpass Notch Gain 

f ° = iiSc’ VREF “i Vcc 


R1 = QR 


Example: 
f„ = 1000 Hz 
BW = 100 Hz 
lBP = 1 

Tn = 1 

R = 160 kft 
R1 =1.6 MH 
R2 = 1.6 Mft 
R3 = 1.6 
C = 0.001 jxF 


R2 = 


R1 

Tbp 


R3 = T n R 2 
Cl = IOC 
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National 
Semiconductor 

LM4136 

Quad Operational Amplifier 

General Description 

The LM4136 monolithic quad operational amplifier consists 
of four independent high gain, internally frequency compen- 
sated operational amplifiers. The specifically designed low 
noise input transistors allow the LM4136 to be used in low 
noise signal processing applications such as audio pream- 
plifiers and signal conditioners. The simplified output stage 
completely eliminates crossover distortion under any load 
conditions, has large source and sink capacity, and is short- 
circuit protected. A novel current source stabilizes output 
parameters over a wide power supply voltage range. 


Features 

n Unity gain bandwidth — 3.0 MHz 

■ Continuous short circuit protection 

■ No frequency compensation required 

■ No latch up 

■ Large common mode and differential voltage range 

■ LM741 operational amplifier type performance 

■ Parameter tracking over temperature range 

■ Gain and phase match between amplifiers 

Applications 

b Audio preamplifiers 
b Signal conditioning 



Connection Diagram 


14-Lead DIP and SO-14 Package 



Ordering Information 


Device 

NS Package 

Package 

Code 

Number 

Description 

LM4136CJ 

J14A 

Ceramic DIP 

LM4136CN 

N14A 

Molded DIP 

LM4136CM 

M14A 

Molded Surface Mount 


Equivalent Circuit <y 4 of circuit) 



TL/H/1 0065-2 
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LM4136 



LM4136 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Internal Power Dissipation (Notes 1, 2) 

please contact the National Semiconductor Sales 14L-Ceramic DIP 

Office/Distributors for availability and specifications. 14L-Molded DIP 

Storage Temperature Range SO-14 

Ceramic DIP -65°Cto +175°C Supply Voltage 

Molded DIP and SO-14 — 65°C to + 150°C Differential Input Voltage (Note 3) 

Operating Temperature Range 0°Cto +70°C Input Voltage (Note 1) 

Lead Temperature Output Short Circuit Duration (Note 4) 

^ C r (S ,°'t ri 7; 60SeC ' ) 30 °° C ESD Tolerance 

Molded DIP and SO-14 

(Soldering, 10 sec.) 265°C 

1.36W 

1.04W 

0.93W 

± 18V 

±30V 

± 15V 

Indefinite 

1000V 

LM4136 

Electrical Characteristics Ta = 25°C, Vcc = ±15V unless otherwise specified 




Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|0 

Input Offset Voltage 

R s ^ 10 ka 


0.5 

6.0 

mV 

ho 

Input Offset Current 



5.0 

200 

nA 

l|B 

Input Bias Current 



40 

500 

nA 

Z| 

Input Impedance 


0.3 

5.0 


Ma 

Pc 

Power Consumption 



210 

340 

mW 

CMR 

Common Mode Rejection 

R s ^ 10 ka 

70 

90 


dB 

V|R 

Input Voltage Range 


±12 

±14 


V 

PSRR 

Power Supply Rejection Ratio 

Rs ^ io ka 


30 

150 

1 ulV/V 

Avs 

Large Signal Voltage Gain 

R L ;> 2.0 ka, V 0 = +10V 

20 

300 


V/mV 

Vop 


Output Voltage Swing 



r l = io ka 

±12 

±14 


v 






r l = 2.0 ka 

±10 

±13 



TR 


Transient 

Rise Time 

V| = 20 mV, R|_ = 2.0 ka, 


0.13 


juts 



Response 

Overshoot 

C L = 100 pF, A v = l.o 


5.0 


% 

BW 

Bandwidth 

o 

II 

< 


3.0 


MHz 

SR 

Slew Rate 

R l = 2.0 ka, A v = 1.0 


1.0 


V/juts 

CS 


Channel Separation 



f = 10 kHz, R s = 1.0 ka 
Open Loop 


105 


dB 






f = 10 kHz, R s = 1.0 ka 

A v = 100 


105 


The following specifications apply over the range of 0°C ^ Ta ^ +70°C 

Vio 

Input Offset Voltage 

R s ^ 10 ka 



7.5 

mV 

ho 

Input Offset Current 




300 

nA 

>IB 

Input Bias Current 




800 

nA 

Pc 


Power Consumption 


t A = Ta Max 


180 

300 

mW 





Ta = T a Min 


240 

400 

Avs 

Large Signal Voltage Gain 

R L ^ 2.0 ka, V 0 = ± 10 V 

15 



V/mV 

Vqp 

Output Voltage Swing 

R L = 2.0 ka, V C c = ±15V 

±10 



V 


Note 1: Tj Max = 150°C for the Molded DIP and SO-14, and 175°C for the Ceramic DIP. 

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 1 4L-Ceramic DIP at 9.1 mW/°C, the 14L-Molded DIP at 8.3 mW/°C, and 
the SO-14 at 7.5 mW/°C. 

Note 3: For supply voltage less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: Short circuit may be to ground, one amplifier only. 
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LM4136 



LM4136 



3-654 



Typical Applications 

400 Hz Lowpass Butterworth Active Filter 


10 kn 
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LM4136 









LM4136 


Typical Applications (Continued) 


Differential Input Instrumentation Amplifier with High Common Mode Rejection 




Matching determines CMRR: 
R1 = R4 
R2 = R5 
R6 = R7 


Analog Multiplier/Divider 



TL/H/1 0065-7 
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LM4136 




LM4136 


Typical Applications (Continued) 


Notch Filter Using the 
LM4136 as a Gyrator 


R2 

30 k£L 



m = R3 
R2 “ 2 R4 


Notch Frequency vs Capacitor 

10k i— mm — i i n i — rn ' T 1 i — i 1 1 1 ~i 



10 I MM I I I II I I I II I 

0.0001 0.001 0.01 0.1 1.0 


CAPACITOR (mF) 

TL/H/1 0065-1 2 


Multiple Aperture Window Discriminator 
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National 

Semiconductor 


LM4250/LM4250C Programmable Operational Amplifier 



General Description 

The LM4250 and LM4250C are extremely versatile pro- 
grammable monolithic operational amplifiers. A single exter- 
nal master bias current setting resistor programs the input 
bias current, input offset current, quiescent power consump- 
tion, slew rate, input noise, and the gain-bandwidth product. 
The device is a truly general purpose operational amplifier. 
The LM4250C is identical to the LM4250 except that the 
LM4250C has its performance guaranteed over a 0°C to 
+ 70°C temperature range instead of the - 55°C to + 1 25°C 
temperature range of the LM4250. 


Features 

■ ± 1 V to ± 1 8V power supply operation 

■ 3 nA input offset current 

■ Standby power consumption as low as 500 nW 

■ No frequency compensation required 

■ Programmable electrical characteristics 

■ Offset voltage nulling capability 

■ Can be powered by two flashlight batteries 

■ Short circuit protection 


Typical Applications 

X5 Difference Amplifier 


R2 

150K 


500 Nano>Watt X10 Amplifier 

R2 
3.3M 




Quiescent Pq = 0.6 mW 

Connection Diagrams 

Metal Can Package 

QUIESCENT 
CURRENT SET 


TL/H/9300-3 


Quiescent Pp = 500 mW 


Dual-In-Line Package 




TL/H/9300-2 


Top View 

Order Number LM4250H or LM4250CH 
See NS Package Number H08C 


TL/H/9300-5 

Top View 

Order Number LM4250J, LM4250CJ, 
LM4250CN or LM4250M 
See NS Package Number J08A, M08A or N08E 
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LM4250/LM4250C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 2) 



LM4250 

LM4250C 

Supply Voltage 

± 18V 

± 18V 

Operating Temp. Range 

— 55°C ^T a <: + 125 °c 

0°C ^ T A ^ +70°C 

Differential Input Voltage 

±30V 

±30V 

Input Voltage (Note 1) 

±15V 

± 15V 

Iset Current 

150 nA 

150 nA 

Output Short Circuit Duration 

Continuous 

Continuous 

Tjmax 

H-Package 

150°C 

100°C 

N-Package 


100°C 

J-Package 

150°C 

100°C 

M-Package 


100°C 

Power Dissipation at T A = 25°C 

H-Package (Still Air) 

500 mW 

300 mW 

(400 LF/Min Air Flow) 

1200 mW 

1200 mW 

N-Package 


500 mW 

J-Package 

1000 mW 

600 mW 

M-Package 


350 mW 

Thermal Resistance (Typical) 0j A 

H-Package (Still Air) 

165°C/W 

165°C/W 

(400 LF/Min Air Flow) 

65°C/W 

65°C/W 

N-Package 


130°C/W 

J-Package 

108°C/W 

1 08°C/W 

M-Package 


1 90°C/W 

(Typical) 0 JC 



H-Package 

21°C/W 

21°C/W 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 


Soldering Information 
Dual-In-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD tolerance (Note 3) 800V 

Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 2: Refer to RETS4250X for military specifications. 

Note 3: Human body model, 1.5 k ft in series with 100 pF. 

Resistor Biasing 


Set Current Setting Resistor to V~ 


(set I 

Vs 

0.1 jaA 

0.5 ju.A 

1.0 jaA 

5jllA 

lOjaA 

± 1.5V 

25.6 Ma 

5.04 M ft 

2.5 Ma 

492 ka 

244 ka 

±3.0V 

55.6 M H 

11.0 Mfi 

5.5 MH 

1.09 Ma 

544 ka 

±6.0V 

116 Mfi 

23.0 Mfi 

ii.5 Ma 

2.29 Ma 

1.14Ma 

±9.0V 

176 Ma 

35.0 Mfi 

17.5 Ma 

3.49 Ma 

1.74 Ma 

± 12.0V 

236 MH 

47.0 Mfi 

23.5 Ma 

4.69 Ma 

2.34 Ma 

± 15.0V 

296 Ma 

59.0 Mfi 

29.5 Ma 

5.89 Ma 

2.94 Ma 
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Electrical Characteristics LM4250 ( 0 °C ^ Ta ^ + 70°C unless otherwise specified.) T a = Tj 

Parameter 

Conditions 

V s = ± 1.5 V 

•set = 1 

•set = 10 fiA 

Min 

Max 

Min 

Max 

Vos 

R s ^ 100 kn,T A = 25°C 


3 mV 


5 mV 

>os 

T a = 25°C 


3nA 


10 nA 

•bias 

T a = 25° C 


7.5 nA 


50 nA 

Large Signal Voltage 

Gain 

R l = 100 kn,T A = 25°C 
V 0 = ±0.6V,R L = 10 ka 

40k 


50k 


Supply Current 

T a = 25°C 


7.5 ju,A 


80 jjlA 

Power Consumption 

T a = 25°C 


23 julW 


240 /jlW 

Vos 

Rs ^ ioo k a 


4 mV 


6 mV 

>OS 

T a = + 1 25°C 

T a = — 55°C 


5 nA 

3 nA 


10 nA 

10 nA 

•bias 



7.5 nA 


50 nA 

Input Voltage Range 


±0.6V 


±0.6V 


Large Signal Voltage 

Gain 

V 0 = ±0.5V, R l = 100 ka 
r l = io ka 

30k 


30k 


Output Voltage Swing 

r l = ioo ka 
r l = io ka 

±0.6V 


±0.6V 


Common Mode Rejection Ratio 

R s ^ 10 ka 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ 10 ka 

76 dB 


76 dB 


Supply Current 



8 fxA 


90 julA 

Power Consumption 



24 jaW 


270 jaW 


Parameter 


V s = ± 15V 

Conditions 

•set = 1 m-A 

•set = 10 fiA 


Min 

Max 

Min 

Max 

Vos 

R s ^ 100 ka,T A = 25° C 


3 mV 


5 mV 

■os 

T a = 25°C 


3 nA 


10 nA 

•bias 

T a = 25° C 


7.5 nA 


50 nA 

Large Signal Voltage 

Gain 

R l = 100ka,T A = 25°C 

V 0 = ±10V,R L = 10 ka 

100k 


100k 


Supply Current 

T a = 25° C 


10 /aA 


90 julA 

Power Consumption 

T a = 25°C 


300 jaW 


2.7 mW 

Vos 

R s ^ 100 ka 


4 mV 


6 mV 

■os 

T a = + 1 25°C 

T a = ~55°C 


25 nA 

3 nA 


25 nA 

10 nA 

•bias 



7.5 nA 


50 nA 

Input Voltage Range 


± 13.5V 


± 13.5 V 


Large Signal Voltage 

Gain 

v 0 = ±iov,r l = ioo ka 
r l = io ka 

50k 


50k 


Output Voltage Swing 

r l = ioo ka 
r l = io ka 

± 12V 


± 12V 


Common Mode Rejection Ratio 

R s ^ 10 ka 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rs ^io ka 

76 dB 


76 dB 


Supply Current 



11 fxA 


100 ii A 

Power Consumption 



330 julW 


3 mW 
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LM4250/LM4250C 


Electrical Characteristics LM4250C (-55°c < T a <; + 125°C unless otherwise specified.) T a = Tj 

Parameter 

Conditions 

V s = ± 1.5 V 

i S ET = 1 P-A 

•set = 10 pA 

Min 

Max 

Min 

Max 

Vos 

R s ^ 100 kn,T A = 25° C 


5 mV 


6 mV 

>os 

T a = 25°C 


6nA 


20 nA 

*bias 

T a = 25°C 


10 nA 


75 nA 

Large Signal Voltage 

Gain 

R l = 100kn,T A = 25°C 

V 0 = ±0.6V, Rj_ — 10ka 

25k 


25k 


Supply Current 

T a = 25°C 


8 jliA 


90 juA 

Power Consumption 

T a - 25°C 


24 jaW 


270 jllW 

v os 

r s ^ io ka 


6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

ibias 



10 nA 


80 nA 

Input Voltage Range 


±0.6V 


±0.6V 


Large Signal Voltage 

Gain 

V 0 = ±0.5V, R|_ = 100 ka 

r l = io kn 

25k 


25k 


Output Voltage Swing 

r l = too ka 
r l = io kn 

±0.6V 


±0.6V 


Common Mode Rejection Ratio 

R s < 1 o ka 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rs ^ i o ka 

74 dB 


74 dB 


Supply Current 



8 jttA 


90 juA 

Power Consumption 



24 jllW 


270 jaW 

„ 

Parameter 


V s = ± 15 V I 

Conditions 

l S ET = 1 pA 

| SE t = io IX A 


Min 

Max 

Min 

Max 

Vos 

R s < 100 ka, r A = 25°C 


5 mV 


6 mV 

*os 

T a = 25°C 


6 nA 


20 nA 

Ibias 

T a = 25°C 


10 nA 


75 nA 

Large Signal Voltage 

Gain 

R l = 100ka,T A - 25°C 

v 0 = ±iov 5 r l = io ka 

60k 


60k 


Supply Current 

T a = 25°C 


11 jllA 


100 juA 

Power Consumption 

T a = 25°C 


330 jaW 


3 mW 

Vos 

R s < 100 ka 


6.5 mV 


7.5 mV 

tos 



8 nA 


25 nA 

Ibias 



10 nA 


80 nA 

Input Voltage Range 


± 13.5V 


± 13.5V 


Large Signal Voltage 

Gain 

v 0 = ±iov 5 r l = ioo ka 

R L = 10 ka 

50k 


50k 


Output Voltage Swing 

r l = ioo ka 
r l = io ka 

± 12V 


± 12V 


Common Mode Rejection Ratio 

Rs ^ io ka 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s < 10 ka 

74 dB 


74 dB 


Supply Current 



11 julA 


100 jaA 

Power Consumption 



330 ju,W 


3 mW 
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UNNULLEl) CHANGE FROM 

SLEW RATE (V/jis) V 0 p _ p (Vj V os AT i S£J = 1 0 jtA (mV) 1 BIAS 


Typical Performance Characteristics 



0.1 1 10 100 
'SET (** A ) 


input Bias Current vs 
Temperature 



input Offset Current vs 



-60 -20 20 60 100 140 

TEMPERATURE (®C) 


Unnuiied input Offset Voltage 



1.0 10 100 


Unnuiied input Offset Voitage 



Peak to Peak Output Voltage 
Swing vs Load Resistance 



IK 10K 100K 1M 


'SET 0* A ) 


TEMPERATURE (°C) 


R l m 


Peak to Peak Ouiput Voitage 
Swing vs Suppiy Voitage 



Quiescent Current (l q ) vs 
Temperature 



Quiescent Current (i q ) vs iset 



0.1 1 10 100 


'set (M) 



Gain Bandwidth Product 



0.1 1.0 10 too 



0.1 1.0 1 100 


'set 0* a ) 


'set M 


'SET (A*A) 

TL/H/9300-6 


(A)d-d 0/ 
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Typical Performance Characteristics (Continued) 



0.1 1.0 10 100 


*SET (a*A) 


Input Noise Current (l n ) and 



10 100 


FREQUENCY (Hz) 


-o 

© 

D5 



Rset VS IseT 


100 M 

_ 

_ 



__ 
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_ 

10 M 

§ 

£ 1M 
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Typical Applications (Continued) 


Floating Input Meter Amplifier 
100 nA Full Scale 



Quiescent P D = 1.8 ju.W TL/H/9300-8 

*Meter movement (0-100 jxA, 2 kH) marked 
for 0-100 nA full scale. 


X100 Instrumentation Amplifier 10 jaW 



-1.5V 

Note 1: Quiescent P D = 10 (xW. TL/H/9300-9 

Note 2: R2, R3, R4, R5, R6 and R7 are 1 % resistors. 

Note 3: R1 1 and Cl are for DC and AC common mode rejection adjustments. 
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Typical Applications (Continued) 

Rset Connected to V~ Rset Connected to Ground 



TL/H/9300-10 


•set Equations: 


•set ~ 


V + + lV~| - 0.5 
Rset 


where Rset ' s 
connected to V 


~ v+ ~ °- 5 where Rset *s 
SET ~ Rset connected to ground. 


Transistor Current Sourcing Biasing FET Current Sourcing Biasing 


Offset Null Circuit 



*R1 limits Iset maximum TL/H/9300-12 

Schematic Diagram 


7 



TL/H/9300-1 



3-665 


LM4250/LM4250C 




LM61 1 8/LM62 1 8A/LM62 1 8 



National 

Semiconductor 


LM6 1 1 8/LM62 1 8 A/LM62 1 8 

Fast Settling Dual Operational Amplifier 


General Description 

The LM6118 series are monolithic fast-settling unity-gain- 
compensated dual operational amplifiers with ± 20 mA out- 
put drive capability. The PNP input stage has a typical bias 
current of 200 nA, and the operating supply voltage is ± 5V 
to ±20V. 

These dual op amps use slew enhancement with special 
mirror circuitry to achieve fast response and high gain with 
low total supply current. 

The amplifiers are built on a junction-isolated VIPtm (Verti- 
cally Integrated PNP) process which produces fast PNP’s 
that complement the standard NPN’s. 


Features Typical 

■ Low offset voltage 0.2 mV 

■ 0.01 % settling time 400 ns 

■ Slew rate A v = — 1 140 V/ju,s 

■ Slew rate A v = + 1 75 V/jns 

■ Gain bandwidth 17 MHz 

■ Total supply current 5.5 mA 


■ Output drives 50H load (±1V) 

■ Well-behaved, easy to use 

Applications 

■ D/A converters 

■ Fast integrators 

■ Active filters 


Typical Applications 

R1 



Single ended input to differential output 
A v = 10, BW = 3.2 MHz 
40 Vp.p Response = 1 .4 MHz 
V s = ±15V 

Wide-Band, Fast-Settling 
40 Vp. p Amplifier 


Small Outline Package (WM) 



TL/H/1 0254-3 

Top View 

Order Number LM6218AWM or LM6218WM 
See NS Package Number M14B 


Connection Diagrams and 
Order Information 


Metal Can Package (H) 
v+ 



TL/H/10254-2 


Order Number LM6118H or LM6218AH 
See NS Package Number H08A 


Dual-ln-Line Package (J or N) 



TL/H/1 0254-4 


Order Number LM6118J, LM6218AJ, 
LM6218AN or LM6218N 
See NS Package Number J08A or N08E 
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Absolute Maximum Ratings (Note i) 

ESD Tolerance (C = 1 00 pF, R = 1 .5 kft) ± 2 kV 

Maximum Junction Temperature 1 50°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 

Operating Temp. Range 

LM6118 — 55°C to +125°C 

LM6218A — 40°C to +85°C 

LM6218 — 40°C to +85°C 


Electrical Characteristics ±sv ^ v s ^ ±2ov, v CM = ov, v 0 ut = ov, i 0 ut = oa, unless otherwise 

specified. Limits with standard type face are for Tj = 25°C, and Bold Face Type are for Temperature Extremes. 


Parameter 

Conditions 

Typ 

25°C 

LM6118 
Limits 
(Note 6) 

LM6218A 
Limits 
(Note 7) 

LM6218 
Limits 
(Note 7) 

Units 

Input Offset Voltage 

V S = ± 15V 

0.2 

1 

2 

1 

2 

3 

4 

mV (max) 

Input Offset Voltage 

v“ + 3V <; v CM <; v + - 3.5V 

0.3 

1.5 

2.5 

1.5 

2.5 

3.5 

4.5 

mV (max) 

Input Offset Current 

V - + 3V £ V CM £ v + - 3.5V 

20 

50 

100 

50 

100 

100 

200 

nA (max) 

Input Bias Current 

V - + 3V <; V CM £ v + - 3.5V 

200 

350 

950 

350 

950 

500 

1250 

nA (max) 

Input Common Mode 
Rejection Ratio 

V" + 3V < Vqm <; V + - 3.5V 
V s = ±20V 

100 

90 

85 

90 

85 

80 

75 

dB (min) 

Positive Power Supply 
Rejection Ratio 

V" = -15V 

5V ^ V + ^ 20 V 

100 

90 

85 

90 

85 

80 

75 

dB (min) 

Negative Power Supply 
Rejection Ratio 

V + = 15V 
-20V SV'S — 5V 

100 

90 

85 

90 

85 

80 

75 

dB (min) 

Large Signal 

Voltage Gain 

V out =±17V R L = 10k 

V s = +20V 

500 

150 

100 

150 

100 

100 

70 

V/mV (min) 

V out =±10V R L = 500 

V S =±15V (±20 mA) 

200 

50 

30 

50 

30 

40 

25 

V/mV (min) 

Total Supply Current 

V s = +15V 

5.5 

7 

7.5 

7 

7.5 

7 

7.5 

mA (max) 

Output Current Limit 

V s = ± 15V, Pulsed 

65 

80 

80 

80 

mA (max) 

Slew Rate, Av = - 1 

V s = +15V, V ou t = ±10V 

R s = Rf = 2k, C f = 10 pF 

140 

100 

50 

100 

50 

100 

50 

V/jws (min) 

Slew Rate, Av = + 1 

V S = ±15V,V out = ±10V 

Rs = Rf — 2k, Cf = 10 pF 

75 

50 

30 

50 

30 

50 

30 

V/jlls (min) 

Gain-Bandwidth Product 

V s = ±15V,f 0 = 200 kHz 

17 

14 

14 

13 

MHz (min) 

0.01 % Settling Time 

A v = -1 

AV ou t = 10V, V s = ± 15V, 

Rs = Rf — 2k, Cf = 10 pF 

400 




ns 

Input Capacitance 

Inverter 

5 




PF 

Follower 

3 




PF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: Input voltage range is (V+ - IV) to (V~). 

Note 3: The inputs are shunted with three series-connected diodes back-to-back for input differential clamping. Therefore differential input voltages greater than 
about 1.8V will cause excessive current to flow unless limited to less than 10 mA. 

Note 4: Current limiting protects the output from a short to ground or any voltage less than the supplies. With a continuous overload, the package dissipation must 
be taken into account and heat sinking provided when necessary. 

Note 5: Devices must be derated using a thermal resistance of 1 50°C/W junction to ambient for the H package, 90°C/W for the N, J and WM packages. If a heat 
sink is used on the H package, use a thermal resistance of 45°C/W junction to case. 

Note 6: All limits are 100% production tested at 25°C and at temperature extremes. All limits are used to calculate AOQL, (Average Outgoing Quality Level). 
Note 7: 25°C limits are 100% production tested. Temperature extreme limits are guaranteed via correlation using accepted SQC (Statistical Quality Control) 
methods. All limits are joed to calculate AOQL. 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

T otal Supply Voltage 42V 

Input Voltage (Note 2) 

Differential Input Current (Note 3) ± 1 0 mA 

Output Current (Note 4) Internally Limited 

Power Dissipation (Note 5) 500 mW 
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PHASE MARGIN (degrees) 





Typical Performance Characteristics (Continued) 



-50 0 50 100 150 

TEMPERATURE (°C) 


1 

3 

a: 

ce 

=5 

O 

Q_ 

O. 

CO 


Supply Current 
(Both Amplifiers) 



0 2 4 6 8 10 12 14 16 18 20 

± SUPPLY VOLTAGE (V) 



-50-25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Inverter Settling Time 



100 200 300 500 1000 


Follower Settling Time 



100 200 300 500 1000 


SETTLING TIME (ns) 


SETTLING TIME (ns) 



CLOSED LOOP GAIN 

TL/H/1 0254-6 


Amplifier to Amplifier Coupling 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


TL/H/1 0254-23 



TIME (500 ns/div) 


TL/H/1 0254-7 


Settling Time, Vs = +15V 
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Typical Performance Characteristics (Continued) 


Step Response, Av = + 1 5 Vs ■= ± 15V 



TIME (lOOns/div) 


TL/H/1 0254-8 

Application Information 

Genera! 

The LM6118 series are high-speed; fast-settling dual op- 
amps. To insure maximum performance, circuit board layout 
is very important Minimizing stray capacitance at the inputs 
and reducing coupling between the amplifier’s input and 
output will minimize problems. 

Supply Bypassing 

To assure stability, it is recommended that each power sup- 
ply pin be bypassed with a 0.1 p,F low inductance capacitor 
near the device. If high frequency spikes from digital circuits 
or switching supplies are present, additional filtering is rec- 
ommended. To prevent these spikes from appearing at the 
output, R-C filtering of the supplies near the device may be 
necessary. 

Power Dissipation 

These amplifiers are specified to 20 mA output current. If 
accompanied with high supply voltages, relatively high pow- 
er dissipation in the device will occur, resulting in high junc- 
tion temperatures. In these cases the package thermal re- 
sistance must be taken into consideration. (See Note 5 un- 
der Electrical Characteristics.) For high dissipation, an H 
package with a heat sink or a N package with large areas of 
copper on the pc board is recommended. 

Amplifier Shut Down 

If one of the amplifiers is not used, it can be shut down by 
connecting both the inverting and non-inverting inputs to the 
V - pin. This will reduce the power supply current by approx- 
imately 25%. 

Capacitive Loading 

Maximum capacitive loading is about 50 pF for a closed- 
loop gain of +1, before the amplifier exhibits excessive 
ringing and becomes unstable. A curve showing maximum 
capacitive loads, with different closed-loop gains, is shown 
in the Typical Performance Characteristics section. 

To drive larger capacitive loads at low closed-loop gains, 
isolate the amplifier output from the capacitive load with 
50ft. Connect a small capacitor directly from the amplifier 
output to the inverting input. The feedback loop is closed 
from the isolated output with a series resistor to the invert- 
ing input. 


Step Response, Av = — 1 5 Vs = ± 15V 



TIME (1QQ ns/div) 

TL/H/1 0254 -9 

Voltage Follower 

Rt 

2k 



For C L = 1000 pF, Small signal BW = 5 MHz 
20 V p _p BW - 500 kHz 

Inverter 


R2 R1 



Settling time to 0.01%, 10V Step 

For Cl = 1000 pF, settling time ~ 1500 ns 
For Cl =■ 300 pF, settling time ~ 500 ns 


Integrator 
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Application Information (Continued) 

Examples of unity gain connections for a voltage follower 
Inverter, and integrator driving capacitive loads up to 
1000 pF are shown here. Different R1-C1 time constants 
and capacitive loads will have an effect on settling times. 

Input Bias Current Compensation 
Input bias current of the first op amp can be reduced or 
balanced out by the second op amp. Both amplifiers are laid 
out in mirror image fashion and in close proximity to each 
other, thus both input bias currents will be nearly identical 


and will track with temperature. With both op amp inputs at 
the same potential, a second op amp can be used to con- 
vert bias current to voltage, and then back to current feed- 
ing the first op amp using large value resistors to reduce the 
bias current to the level of the offset current. 

Examples are shown here for an inverting application, (a) 
where the inputs are at ground potential, and a second cir- 
cuit (b) for compensating bias currents for both inputs. 


Bias Current Compensation 



^adjust for zero integrator drift 

(a) Inverting Input Bias Compensation 
for Integrator Application 


TL/H/10254-13 



(b) Compensation to Both Inputs 



Amplifier/Parallel Buffer 

R 1 



TL/H/10254-15 

Ay = +5, Iql'T ^ 90 mA 
V s = ± 15Vi C L <1 0.01 ,uF 

Large and small signal B.W. = 1.3 MHz (THD = 3%) 
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Application Information (Continued) 


Constant-Voltage Crossover Network With 12 dB/Octave Slope 

R R 

24k 24k 



TL/H/1 0254-1 6 


Bilateral Current Source 


R4 



V s = ±15V, -10 ^ V )N <; 10V 

Iquj _ R4 _ 1 mA 

^7 ~ R2 R6 _ IV 

Output dynamic range = 10V - R6 |IoutI 

Rl = 500ft, small signal BW = 6 MHz 

Large signal response = 800 kHz 

Coutequiv - = ^b + R2R6 = 32pF(f0 = 15MHz) 

Coaxial Cable Driver 


ci 

10pF 



Instrumentation Amplifier 


R1 R2 R3 R4 

10k Ik Ik 10k 



TL/H/10254-18 

A v — 10, V s = ±15V, All resistors 0.01% 

Small signal and large signal (20 Vp.p) B.W. = 800 kHz 


150 MHz Gain-Bandwidth Amplifier 

R3 R5 

2k 2k 



A v = 100, V s = ± 15V, 

Small signal BW = 1.5 MHz 
Large signal BW (20 V p . p ) ~ 800 kHz 


Small signal (200 mV p . p ) BW ~ 5 MHz 
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8lZ9l/\n/V8LZ9l/\n/8l iWl 


Schematic Diagram 




LM6118/LM6218A/LM6218 
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National 

Semiconductor 


LM6 1 6 1 / LM626 1 /LM636 1 
High Speed Operational Amplifier 


General Description 

The LM6161 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V//is and 
50 MHz unity gain stability with only 5 mA of supply current. 
Further power savings and application convenience are 
possible by taking advantage of the wide dynamic range in 
operating supply voltage which extends all the way down to 
+ 5V. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which provides fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 

■ High unity gain freq 

■ Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 


300 V/juls 
50 MHz 
5 mA 
120 ns to 0.1% 
< 0 . 1 % 
0.1° 

4.75V to 32 V 


Applications 

ib Video amplifier 
E3 High-frequency filter 
m Wide-bandwidth signal conditioning 


Simplified Schematic 


Connection Diagram 



Adjust V+ v 0UT N/C 



TL/H/9057-5 


Order Number LM6161 J or LM6261 J 
See NS Package Number J08A 

Order Number LM6261N or 
LM6361N 

See NS Package Number N08E 

Order Number LM6361M 
See NS Package Number M08A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V - ) 36V 

Differential Input Voltage (Note 8) ± 8V 


Common-Mode Voltage Range 
(Note 12) (V+ — 0.7V) to (V~ - 7V) 

Output Short Circuit to GND (Note 1 ) Continuous 


Soldering Information 
Dual-ln-Line Package (N, J) 

Soldering (10 sec.) 260°C 

Small Outline Package (M) 

Vapor Phase (60 sec.) 21 5°C 

infrared (15 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Storage Temp Range 
Max Junction Temperature 
ESD Tolerance (Notes 8 and 9) 


— 65°C to + 1 50°C 
150°C 
±700V 


Operating Ratings 

Temperature Range (Note 2) 
LM6161 
LM6261 
LM6361 


— 55°C <; Tj <; + 1 25°C 
-25°C <; Tj £ T-85°C 
0°C <; Tj £ +70°C 


Supply Voltage Range 


4.75V to 32V 


DC Electrical Characteristics (Note 3) 


Parameter 

Conditions 

Typ 

LM6161 

LM6261 

LM6361 

Units 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Input Offset Voltage 


5 

7 

10 


7 

9 

20 

22 

mV 

max 

Input Offset Voltage 
Average Drift 


10 







jllV/°C 

Input Bias Current 


2 

3 

6 


3 

5 

5 

6 

jaA 

max 

Input Offset Current 


150 

350 

800 


350 

600 

1500 

1900 

nA 

max 

Input Offset Current 
Average Drift 


0.4 







nA/°C 

Input Resistance 

Differential 

325 







kft 

Input Capacitance 

Av = +1 @ 10 MHz 

1.5 







PF 

Large Signal 

Voltage Gain 

VoUT = ±10V,R L = 2kH 
(Note 11) 

750 

550 

300 


550 

400 

400 

350 

V/V 

min 

R L = 10 kfl 

2900 







V/V 

Input Common-Mode 
Voltage Range 

Supply = ± 1 5V 

+ 14.0 

+ 13.9 

+ 13.8 


+ 13.9 

+ 13.8 

+ 13.8 

+ 13.7 

Volts 

min 

-13.2 

-12.9 

-12.7 


-12.9 

-12.7 

-12.8 

-12.7 

Volts 

min 

Supply = + 5V 
(Note 6) 

4.0 

3.9 

3.8 


3.9 

3.8 

3.8 

3.7 

Volts 

min 

1.8 

2.0 

2.2 


2.0 

2.2 

2.1 

2.2 

Volts 

max 

Common-Mode 
Rejection Ratio 

-10V £ V C m ^ +10V 

94 

80 

74 


80 

76 

72 

70 

dB 

min 

Power Supply 
Rejection Ratio 

±iov <; v± <; ±16V 

90 

80 

74 


80 

76 

72 

70 

dB 

min 
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DC Electrical Characteristics (Note 3) (continued) 

Parameter 

Conditions 

Typ 

LM6161 

LM6261 

LM6361 

Units 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Output Voltage 
Swing 

Supply = ± 15V 
and Rj_ = 2 kfl 

+ 14.2 

+ 13.5 

+ 13.3 


+ 13.5 

+ 13.3 

+ 13.4 

+ 13.3 

Volts 

min 

-13.4 

-13.0 

-12.7 


-13.0 

-12.8 

-12.9 

-12.8 

Volts 

min 

Supply = + 5V 
and R L = 2 kft (Note 6) 

4.2 

3.5 

3.3 


3.5 

3.3 

3.4 

3.3 

Volts 

min 

1.3 

1.7 

2.0 


1.7 

1.9 

1.8 

1.9 

Volts 

max 

Output Short 
Circuit Current 

Souce 

65 

30 

20 


30 

25 

30 

25 

mA 

min 

Sink 

65 

30 

20 


30 

25 

30 

25 

mA 

min 

Supply Current 


5.0 

6.5 

6.8 


6.5 

6.7 

6.8 

6.9 

mA 

max 

AC Electrical Characteristics (Notes 3 & 7) 

Parameter 

Conditions 

Typ 

LM6161 

LM6261 

LM6361 

Units 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Gain-Bandwidth 

Product 

@ F = 20 MHz 

50 

40 

30 


40 

35 

35 

32 

MHz 

min 

Supply = ±5V 

35 







MHz 

Slew Rate 

Av = +1 (Note 10) 

300 

200 

180 


200 

180 

200 

180 

V/jmS 

min 

Supply = ±5V 

200 







V/jiis 

Power Bandwidth 

VouT = 20V pp 

4.5 







MHz 

Settling Time 

10V Step to 0.1% 

Av = — 1, R L = 2 kfl 

120 







ns 

Phase Margin 


45 







Deg 

Differential Gain 

NTSC, Av = +4 

<0.1 







% 

Differential Phase 

NTSC, Av = +4 

0.1 







Deg 

Input Noise Voltage 

f = 10 kHz 

15 







nVA/Hz 

Input Noise Current 

f = 10 kHz 

1.5 







pA/VHz 

Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/W, the molded plastic SO (M) package is 155°C/W, and the 
cerdip (J) package is 125°C/W. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C with supply voltage = ±15V, Vqm = OV, and Rl ^ 100 kfl. Boldface limits apply 
over the range listed under “Operating Temperature Range” with Ta = Tj in the “Absolute Maximum Ratings” section. 

Note 4: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All limits are 100% production 
tested. 

Note 5: All limits guaranteed at temperature extremes (bold type face) via correlation using standard Statistical Quality Control (SQC) methods. 

Note 6: For single supply operation, the following conditions apply: V+ = 5V, V~ = 0V, Vcm = 2.5V, Vout = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 
connected to Pin 4 (V - ) to realize maximum output swing. This connection will degrade Vqs. Vos Drift, and Input Voltage Noise. 

Note 7: C L £ 5 pF. 

Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos, los, and 
Noise). 

Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500(1. 

Note 10: V|n = 8V step. For supply = ±5V, V !N = 5V step. 

Note 11: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 12: The voltage between V+ and either input pin must not exceed 36V. 
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Typical Performance Characteristics (Rl =10 kH, Ta = 25°C unless otherwise specified) 


Supply Current vs 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Common-Mode 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply 
Rejection Ratio 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Gain-Bandwidth 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Propagation Delay 



-55 -35-15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


Gain-Bandwidth Product 



10pF lOOpF InF 10nF IOOoF \ 
LOAD CAPACITANCE 



§ 


to 


400 

300 

200 

100 

0 

lOpF lOOpF InF 10nF lOOnF 1/*F 
LOAD CAPACITANCE 


Slew Rate vs 
Load Capacitance 




v s = 

±15V 
= +1 - 

N P| 

sltive 


Ay 

A 





V 





3 

\ 




Negath 






\ 










Overshoot vs 
Capacitive Load 




A 

\ 


V. =115V 

l=*<\ 


> 

r 

\ 


3 

2 k. 



/ 



V 

=0 

PF 


7 

7 



> 






5= 

1 pF 

5 

\ 









§ 



10 pF lOOpF InF 10nF lOOnF 
CAPACITIVE LOAD 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Voltage Gain 



0.1 1 10 100 
LOAD RESISTANCE (kH) 


Gain vs Supply Voltage 



2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


TL/H/9057-6 
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Applications Tips 

The LM6361 has been compensated for unity-gain opera- 
tion. Since this compensation involved adding emitter-de- 
generation resistors to the op amp’s input stage, the open- 
loop gain was reduced as the stability increased. Gain error 
due to reduced Avol is most apparent at high gains; thus, 
for gains between 5 and 25, the less-compensated LM6364 
should be used, and the uncompensated LM6365 is appro- 
priate for gains of 25 or more. The LM6361, LM6364, and 
LM6365 have the same high slew rate, regardless of their 
compensation. 

The LM6361 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (especially in low-gain circuits). 
The LM6361’s compensation is effectively increased with 
load capacitance, reducing its bandwidth and increasing its 
stability. 

Power supply bypassing is not as critical for the LM6361 as 
it is for other op amps in its speed class. Bypassing will, 

Typical Applications 


however, improve the stability and transient response and is 
recommended for every design. 0.01 jliF to 0.1 /xF ceramic 
capacitors should be used (from each supply “rail” to 
ground); if the device is far away from its power supply 
source, an additional 2.2 jmF to 10 /xF of tantalum may pro- 
vide extra noise reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling across adjacent nodes and can cause gain to uninten- 
tionally vary with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


Offset Voltage Adjustment 


1 MHz Low-Pass Filter 




’Matching determines filter precision 
f c = 2ir V(R1 R2C1 C2)~1 


TL/H/9057-10 


Modulator with Differential-to-Single-Ended Converter 


+12V 



TL/H/9057-1 1 
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National 

Semiconductor 


LM6 1 64/LM6264/LM6364 
High Speed Operational Amplifier 


General Description 

The LM6164 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300V per jlls and 
175 MHz GBW (stable down to gains as low as +5) with 
only 5 mA of supply current. Further power savings and ap- 
plication convenience are possible by taking advantage of 
the wide dynamic range in operating supply voltage which 
extends all the way down to + 5V. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which produces fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 

■ High GBW product 

■ Low supply current 

■ Fast settling 

m Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 

Applications 

■ Video amplifier 

■ Wide-bandwidth signal conditioning 


300 V/jlis 
175 MHz 
5 mA 
100 ns to 0.1% 
<0.1% 
< 0 . 1 ° 
4.75V to 32V 


Simplified Schematic Connection Diagram 



Adjust V+ v 0UT N/C 



TL/H/9153-8 

Order Number LM6164J or LM6264J 
See NS Package Number J08A 

Order Number LM6364M 
See NS Package Number M08A 

Order Number LM6264N or LM6364N 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V~) 36V 

Differential Input Voltage (Note 8) ± 8V 

Common-Mode Input Voltage 
(Note 12) (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to Gnd (Note 1 ) Continuous 


Soldering Information 
Dual-ln-Line Package (N, J) 

Soldering (1 0 sec.) 260°C 

Small Outline Package (M) 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Storage T emperature Range - 65°C to + 1 50°C 

Max Junction T emperature (Note 2) 1 50°C 

ESD Tolerance (Notes 8 & 9) ± 700V 


Operating Ratings 

Temperature Range (Note 2) 
LM6161 
LM6261 
LM6361 

Supply Voltage Range 


— 55°C <; Tj £ + 125°C 
— 25°C <; Tj <: + 85°C 
0°C ^ Tj ^ + 70°C 
4.75V to 32V 


DC Electrical Characteristics (Note 3) 





LM6164 

LM6264 

LM6364 


Parameter 

Conditions 

Typ 

Tested 

Design 

Tested 

Design 

Tested 

Design 

Units 



Limit 

Limit 

Limit 

Limit 

Limit 

Limit 





(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


Input Offset Voltage 


2 

4 


4 

6 

9 

11 

mV 




6 






max 

Input Offset Voltage 
Average Drift 


6 







juV/°C 

Input Bias Current 


2.5 

3 


3 

5 

5 

6 

jaA 




6 






max 

Input Offset Current 


150 

350 


350 

600 

1500 

1900 

nA 




800 






max 

Input Offset Current 
Average Drift 


0.3 







nA/°C 

Input Resistance 

Differential 

100 







kfl 

Input Capacitance 


3.0 







PF 

Large Signal 

V 0 UT = ±10V, R L = 2 kfl 

2.5 

1.8 



mm 


| 

V/mV 

Voltage Gain 

(Note 11) 


0.9 



u 



min 


R L = 10 kfl 

9 







Input Common-Mode 

Supply = ±15V 

+ 14.0 

+ 13.9 


+ 13.9 

+ 13.8 

+ 13.8 

+ 13.7 

V 

Voltage Range 



+ 13.8 






min 



-13.5 

-13.3 






V 




-13.1 




1 


min 


Supply = + 5V 

4.0 

3.9 






V 


(Note 6) 


3.8 


mm 




min 



1.5 

1.7 



mm 



V 




1.9 






max 

Common-Mode 

-lov <; v C m ^ +iov 

105 

86 


86 

82 

80 

78 

dB 

Rejection Ratio 



80 






min 

Power Supply 

± 1 0V ^ V ± ^ ±16V 

96 

86 


86 

82 

80 

78 

dB 

Rejection Ratio 



80 






min 

Output Voltage 

Supply = ± 15V 

+ 14.2 

+ 13.5 


+ 13.5 

+ 13.3 

+ 13.4 

+ 13.3 

V 

Swing 

and Rl = 2 kH 


+ 13.3 






min 



-13.4 

-13.0 


-13.0 

-12.8 

-12.9 

-12.8 

V 




-12.7 






min 
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DC Electrical Characteristics (Note 3) (Continued) 


Parameter 

Conditions 

Typ 

LM6164 

LM6264 

LM6364 

Units 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Output Voltage 

Supply = + 5V and 

4.2 

3.5 


3.5 




V 

Swing 

R l = 2 m (Note 6) 


3.3 






min 



1.3 

1.7 


1.7 



1.9 

V 




2.0 






max 

Output Short 

Source 

65 

30 


30 



25 

mA 

Circuit Current 



20 






min 


Sink 

65 

30 


. • 

25 

30 

BB 

mA 




20 





1 

min 

Supply Current 


5.0 

6.5 


HBH 

msm 

nn 

IB 

mA 




6.8 






max 


AC Electrical Characteristics (Notes 3 & 7) 


Parameter 


Q 




Units 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Gain-Bandwidth 

Product 


B 







MHz 

min 









Slew Rate 

A v = +20 (Note 10) 

300 

200 

180 


200 

180 

200 

180 

V/jutS 

min 

Supply = ±5V 

200 







Power Bandwidth 

Vqut — 20 Vpp 

4.5 







MHz 

SettingTime 

10V Step to 0.1% 

Ay = —4, R L = 2 kft 

100 







ns 

Phase Margin 

Ay = +5 








Deg 

Differential Gain 

NTSC, A v = +10 

<0.1 







% 

Differential Phase 

NTSC, A v = +10 

<0.1 







Deg 

Input Noise Voltage 

F = 10 kHz 

8 







nV/VHz 

Input Noise Current 

F = 10 kHz 

1.5 







pA/VHz 


Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/Watt, the molded plastic SO (M) package is 155°C/Watt, and the 
cerdip (J) package is 1 25°C/Watt. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C with supply voltage = ± 1 5V, Vqm = OV, and r| ^ 100 Kfl Boldface limits apply over 
the range listed under “Operating Temperature Range”. 

Note 4: All limits guaranteed at room temperature (standard type face) and at temperature extremes. All limits are 100% production tested. 

Note 5: All limits guaranteed at room temperature (standard type face) and at temperature extremes. All limits are guaranteed via correlation using standard 
Statistical Quality Control (SQC) methods. 

Note 6: For single supply operation, the following conditions apply: V + = 5V, V- = 0V, Vqm = 2.5V, Vqut = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 
connected to Pin 4 (V-) to realize maximum output swing. This connection will degrade Vos- 
Note 7: C L ^ 5 pF. 

Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos. los. and 
Noise). 

Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft. 

Note 10: Vin = 4V step. For supply = ±5V, Vin = IV step. 

Note 1 1: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 12: The voltage between V+ and either input pin must not exceed 36V. 
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Typical Performance Characteristics (Rl = 10 kn, Ta — 25°C unless otherwise specified) 


Supply Current vs 
Supply Voltage 



2 4 6 8 10 12 14 16 18 

+/" SUPPLY VOLTAGE 


Common-Mode 
Rejection Ratio 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



□ 


Power Supply 



10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Gain-Bandwidth 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Propagation Delay 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain-Bandwidth Product 



10pF lOOpF InF 10nF lOOnF 1/xF 
LOAD CAPACITANCE 


Slew Rate vs 
Load Capacitance 

400 


'S' 300 


£ 200 
ix 

§ 

w 100 


0 

lOpF lOOpF InF 10nF lOOnF 1 f*F 
LOAD CAPACITANCE 



Overshoot vs 
Load Capacitance 



10pF lOOpF InF 10nF lOOnF 



2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Voltage Gain vs 



0.1 1 10 100 
LOAD RESISTANCE (k Q.) 


o 

o 

l 1 

5 

a. 

O 


Gain vs Supply Voltage 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


TL/H/9153-5 
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LM6 1 64/LM6264/LM6364 


Typical Performance Characteristics 

(R l = 10 kfl, Ta = 25°C unless otherwise specified) (Continued) 


Differential Gain (Note) 



TL/H/9153-6 


Differential Phase (Note) 



TL/H/9153-7 

Note: Differential gain and differential phase 
measured for four series LM6364 op amps con- 
figured as unity-gain followers, in series with an 
LM6321 buffer. Error added by LM6321 is negli- 
gible. Test performed using Tektronix Type 520 
NTSC test system. 



Input Noise Voltage 

1000 i i i =- ' i 



o 


ll I I I I I 

1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise Current 




0.1 1 10 100 
FREQUENCY (MHz) 

TL/rl/9153-3 
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LM6164/LM6264/LM6364 


Applications Tips 

The LM6364 has been compensated for gains of 5 or great- 
er (over specified ranges of temperature, power supply volt- 
age, and load). Since this compensation involved adding 
emitter-degeneration resistors in the op amp’s input stage, 
the open-loop gain was reduced as the stability increased. 
Gain error due to reduced Avol is most apparent at high 
gains; thus, the uncompensated LM6365 is appropriate for 
gains of 25 or more. If unity-gain operation is desired, the 
LM6361 should be used. The LM6361, LM6364, and 
LM6365 have the same high slew rate (typically 300 V/jas), 
regardless of their compensation. 

The LM6364 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (in low-gain circuits). However, 
load capacitance on the LM6364 effectively increases its 
compensation capacitance, thus slowing the op amp’s re- 
sponse and reducing its bandwidth. The compensation is 
not ideal, though, and ringing or oscillation may occur in 
low-gain circuits with large capacitive loads. To overcom- 
pensate the LM6364 for operation at gains less than 5, a 


Typical Applications 


series resistor-capacitor network should be added between 
the input pins (as shown in the Typical Applications, Noise 
Gain Compensation) so that the high-frequency noise gain 
rises to at least 5. 

Power supply bypassing will improve the stability and tran- 
sient response of the LM6364, and is recommended for ev- 
ery design. 0.01 /xF to 0.1 /xF ceramic capacitors should be 
used (from each supply “rail” to ground); if the device is far 
away from its power supply source, an additional 2.2 juF to 
10 juF (tantalum) may be required for extra noise reduction. 
Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling between adjacent nodes, so that circuit gain uninten- 
tionally varies with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


Offset Voltage Adjustment 


v* 



100k 


TL/H/9153-10 


Video-Bandwidth Amplifier 



TL/H/9153-12 


Noise-Gain Compensation for Gains ^5 
r f 



R X C X ^ ( 2 tt *25 MHz)~1 
5 R x = Ri + R F (1 + R 1 /R 2 ) 
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National 

Semiconductor 


LM6165/LM6265/LM6365 
High Speed Operational Amplifier 


General Description 

The LM6165 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V/jns and 
725 MHz GBW (stable for gains as low as +25) with only 
5 mA of supply current. Further power savings and applica- 
tion convenience are possible by taking advantage of the 
wide dynamic range in operating supply voltage which ex- 
tends all the way down to + 5V. 

These amplifiers are built with National’s VI Ptm (Vertically 
Integrated PNP) process which produces fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 

■ High GBW product 

■ Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 

Applications 

■ Video amplifier 

■ Wide-bandwidth signal conditioning 


300 V/jas 
725 MHz 
5 mA 
80 ns to 0.1 % 
<0.1% 
< 0 . 1 ° 
4.75V to 32V 


Simplified Schematic 


Connection Diagram 



ADJUST 

TL/H/9152-3 


Adjust V+ V 0UT N/C 



TL/H/9152-8 


Order Number LM6165J or LM6265J 
See NS Package Number J08A 

Order Number LM6365M 
See NS Package Number M08A 

Order Number LM6265N or 
LM6365N 

See NS Package Number N08E 
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LM6165/LM6265/LM6365 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V") 36V 

Differential Input Voltage (Note 8) ± 8V 


Common-Mode Voltage Range 
(Note 12) (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to GND (Note 1 ) Continuous 


Soldering Information 
Dual-ln-Line Package (N, J) 

Soldering (1 0 sec.) 260°C 

Small Outline Package (M) 

Vapor Phase (60 sec.) 2 1 5°C 

Infrared (1 5 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Storage Temp Range -65°Cto + 150°C 

Max Junction Temperature (Note 2) 150°C 

ESD T olerance (Notes 8 and 9) ± 700V 


Operating Ratings 

Temperature Range (Note 2) 
LM6165 
LM6265 
LM6365 


—55°C <. Tj <£ + 1 25°C 
— 25°C £ Tj £ + 85°C 
0°C ^ Tj ^ + 70°C 


Supply Voltage Range 


4.75V to 32V 


DC Electrical Characteristics (Note 3) 





LM6165 

LM6265 

LM6365 


Parameter 

Conditions 

Typ 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

Units 




(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


Input Offset Voltage 


1 

3 


3 

4 

6 

7 

mV 




4 






max 

Input Offset Voltage 
Average Drift 


n 







jaV/°C 

Input Bias Current 


mm 







jutA 



■■ 






IHH 

max 

Input Offset Current 









na 









mtm 

max 

Input Offset Current 
Average Drift 









nA/°C 

Input Resistance 

Differential 

20 







k ft 

Input Capacitance 


6.0 







PF 

Large Signal 

V 0U T= ± 10V, 

10.5 

7.5 


7.5 

6.0 

5.5 

5.0 

V/mV 

Voltage Gain 

R L = 2k Cl (Note 11) 


5.0 






min 


R L = 10 kft 

38 







Input Common-Mode 

Supply = ±15V 

+ 14.0 

+ 13.9 


+ 13.9 

+ 13.8 

+ 13.8 

+ 13.7 

V 

Voltage Range 



+ 13.8 






min 



-13.6 

-13.4 


-13.4 

- 13.2 

-13.3 

- 13.2 

V 




- 13.2 






min 


Supply = + 5V 

4.0 

3.9 


3.9 

3.8 

3.8 

3.7 

V 


(Note 6) 


3.8 






min 



1.4 

1.6 


1.6 

1.8 

1.7 

1.8 

V 




1.8 






max 

Common-Mode 

-10V ^ V CM ^ +10V 

102 

88 


88 

84 

80 

78 

dB 

Rejection Ratio 



82 






min 

Power Supply 

±iov <; v± ^ ±16V 

104 

88 


88 

84 

80 

78 

dB 

Rejection Ratio 



82 






min 

Output Voltage 

Supply = ± 1 5V 

+ 14.2 

+ 13.5 


+ 13.5 

+ 13.3 

+ 13.4 

+ 13.3 

V 

Swing 

and R|_ = 2-kn 


+ 13.3 






min 



-13.4 

-13.0 


-13.0 

- 12.8 

-12.9 

- 12.8 

V 




- 12.7 






min 
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DC Electrical Characteristics (Note 3) (Continued) 


Parameter 

Conditions 

Typ 

LM6165 

LM6265 

LM6365 

Units 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

Output Voltage 

Supply = +5V and 

4.2 

3.5 


3.5 

3.3 

3.4 

3.3 

V 

Swing 

R L = 2 kft (Note 6) 


3.3 






min 



1.3 

1.7 


1.7 

1.9 

1.8 

1.9 

V 




2.0 






max 

Output Short 

Source 

65 

30 


30 

25 

30 

25 

mA 

Circuit Current 



20 






min 


Sink 

65 

30 


30 

25 

30 

25 

mA 




20 






min 

Supply Current 


5.0 

6.5 


6.5 

6.7 

6.8 

6.9 

mA 




6.8 






max 


AC Electrical Characteristics (Notes 3 & 7) 


Parameter 

Conditions 

Typ 

LM6165 

LM6265 

LM6365 

Units 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

Gain-Bandwidth 

Product 

@ F = 20 MHz 

725 

575 

350 


575 

425 

500 

400 

MHz 

min 

Supply = ±5V 

500 







Slew Rate 

A v = +25 (Note 10) 

300 

200 

180 


200 

180 

200 

180 

V/JULS 

min 

Supply = ±5V 

200 







Power Bandwidth 

VoUT = 20 V P p 

4.5 







MHz 

Setting Time 

10V Step to 0.1% 

A v = -25, R L = 2 kn 

80 







ns 

Phase Margin 

A v = +25 

45 







Deg 

Differential Gain 

NTSC, A v = +25 

<0.1 







% 

Differential Phase 

NTSC, A v = +25 

<0.1 







Deg 

Input Noise Voltage 

F = 10 kHz 

5 







nV/l/Hz 

Input Noise Current 

F = 10 kHz 

1.5 


i 

1 




pA/l/Hz 


Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/Watt, and the molded plastic SO (M) package is 155°C/Watt, and 
the cerdip (J) package is 1 25°C/Watt. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Unless otherwise specified, all limits guaranteed for T a = Tj = 25°C with supply voltage = ±15V, Vqm = OV, and R|_ ^ 100 kft. Boldface limits apply 
over the range listed under “Operating Temperature Range”. 

Note 4: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All limits are 100% production 
tested. 

Note 5: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All limits are guaranteed via 
correlation using standard Statistical Quality Control (SQC) methods. 

Note 6: For single supply operation, the following conditions apply: V+ = 5V, V- = 0V, Vqm = 2.5C, Vout - 2.5V. Pin 1 & Pin 8 (Vqs Adjust) are each 
connected to Pin 4 (V-) to realize maximum output swing. This connection will degrade Vqs- 
Note 7: C(_ ^ 5 pF. 

Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exeeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos. los. and 
Noise). 

Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft. 

Note 10: V )N = 0.7V step. For supply = ±5V, Vin = 0.2V step. 

Note 11: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 12: The voltage between V+ and either input pin must not exceed 36V. 
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LM6 1 65/LM6265/LM6365 


Typical Performance Characteristics Rl = 10 kn, Ta = 25°C unless otherwise specified 


Supply Current vs 
g Supply Voltage 

5 
4 
3 
2 
1 

0 

2 4 6 8 10 12 14 16 18 

1 SUPPLY VOLTAGE 




10 100 Ik 10k 100k 1M 10M 


Power Supply 



1 10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Gain-Bandwidth 



2 4 6 8 10 12 14 16 18 


± SUPPLY VOLTAGE (V) 


Propagation Delay, 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain-Bandwidth Product vs 



10pF lOOpF InF 10nF lOOnF I^F 


LOAD CAPACITANCE 


Slew Rate vs 



10pF lOOpF InF 10nF lOOnF 1/iF 
LOAD CAPACITANCE 



IQpF lOOpF InF 10nF lOOnF 



2 4 6 8 10 12 14 16 18 

± SUPPLY VOLTAGE (V) 


Output Impedance 
(Open-Loop) 



FREQUENCY (Hz) 


Gain vs Supply Voltage 



2 4 6 8 10 12 14 16 18 

± SUPPLY VOLTAGE (V) 


TL/H/9152-5 
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Typical Performance Characteristics (Continued) 

Rj_ = 10 kfi, Ta = 25°C unless otherwise specified 

Differential Gain (Note) 

mpmmmm, 


Differential Phase (Note) 



Note: Differential gain and differential phase measured for four series 
LM6365 op amps configured with gain of + 25 (each output attenuated by 
96%), in series with an LM6321 buffer. Error added by LM6321 is negligible. 
Test performed using Tektronix Type 520 NTSC test system. 


Step Response; Av = + 1 






I wi& 








■mmm 


TIME (50 (ns/div) 


input Noise Voltage 


Input Noise Current 


Power Bandwidth 



FREQUENCY (MHz) 


TL/H/9152-9 




LM6165/LM6265/LM6365 
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Applications Tips 

The LM6365 has no frequency compensation, but is stable 
for gains of 25 or greater (over the specified ranges of tem- 
perature, power supply voltage, and load). The LM6365 and 
LM6364, specified in separate datasheets, are compensat- 
ed versions of the LM6365. The LM6361 is unity-gain sta- 
ble, while the LM6364 is stable for gains as low as 5. The 
LM6361, and LM6364 have the same high slew rate as the 
LM6365, typically 300 V//jis. 

To use the LM6365 for gains less than 25, a series resistor- 
capacitor network should be added between the input pins 
(as shown in the Typical Applications, Noise Gain Compen- 
sation) so that the high-frequency noise gain rises to at least 
25. 

Power supply bypassing will improve stability and transient 
response of the LM6365, and is recommended for every 

Typical Applications 


design. 0.01 juF to 0.1 jaF ceramic capacitors should be 
used (from each supply “rail” to ground); an additional 
2.2 juF to 10 ixF (tantalum) may be required for extra noise 
reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling between adjacent nodes, and can cause circuit gain to 
unintentionally vary with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


Offset Voltage Adjustment 



100k 


Noise-Gain Compensation 
Rf 



V 0UT 


TL/H/9152-12 

R X C X ^ VzTT • 25 MHz 

[R 1 + R F (1 + R1/R2)] = 25 R x 


1 MHz Voltage-to-Frequency Converter 

(fouT = 1 MHz for V|n = 10V) 

lOOpF 



TL/H/9152-13 
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National 

Semiconductor 


LM6313 High Speed, 

High Power Operational Amplifier 


General Description 

The LM6313 is a high-speed, high-power operational ampli- 
fier. This operational amplifier features a 35 MHz small sig- 
nal bandwidth, and 250 V/jms slew rate. A compensation pin 
is included for adjusting the open loop bandwidth. The input 
stage (A1) and output stage (A2) are pinned out separately, 
and can be used independently. The operational amplifier is 
designed for low impedance loads and will deliver 
±300 mA. The LM6313 has both overcurrent and thermal 
shutdown protection with an error flag to signal both these 
fault conditions. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which provides fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 250 V/jus 

■ Wide bandwidth 35 MHz 

B Peak output current ±300 mA 

b Input and output stages pinned out separately 

a Single or dual supply operation 
B Thermal protection 
b Error flag warns of faults 

b Wide supply voltage range ±5V to ±15V 

Applications 

b High speed ATE pin driver 
fl Data acquisition 
fl Driving capacitive loads 
B Flash A-D input driver 
B Precision 50n-75fl video line driver 
b Laser diode driver 


Connection Diagram Typical Application 


Dual-ln-Line Package 



Order Number LM6313N 
See NS Package Number N16A 

*Heat sink pins 

See Note 5 and Applications. 

**Do not ground or otherwise connect to this pin. 


1.1k 
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Electrical Characteristics (continued) 

Operational Amplifier AC Electrical Characteristics unless otherwise specified, an limits 

guaranteed for Ta = 25°C, and Supply Voltage Vs = ± 1 5V. Boldface limits apply at temperature extremes. Vcm = OV, 

Rs = 500, the circuit configured as in Figure 1 . 

Symbol 

Parameter 

Conditions 

Typical 

Units 

GBW 

Gain-Bandwidth Product 

@ f = 30 MHz 

35 

MHz 

SR 

Slew Rate 

A v = -1,R|_ = 50fl (Note 6) 

250 

V/jus 

PBW 

Power Bandwidth 

v OUT = 20 Vpp 

3.0 

MHz 

ts 

Settling Time 

1 0 V Step to 0. 1 % (See Figure 2 ) 

200 

ns 


Phase Margin 

A v = — 1, R|_ = 1 ka, C[_ = 50 pF 

53 

Deg 


Differential Gain 


0.1 

% 


Differential Phase 


0.1 

Deg 

e n 

Input Noise Voltage 

f = 10 kHz 

14 

nV/t/Hz 

■n 

Input Noise Current 

f = 10 kHz 

1.8 

pA/\/Hz 

A1 DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ta = 25°C, and 
Supply Voltage Vg = ±15V. Boldface limits apply at temperature extremes. Vqm = OV, Rs = 500. 

Symbol 

Parameter 

Conditions 

Typical 

25° C 

Limit 

0°C to 70°C 

Limit 

Units 

a vol 

Large Signal Voltage Gain 

VoUT = ±10V, R L = 2ka 
Vqut = ± 10V, R[_ = oo 

650 

6000 

300 

2500 

250 

2000 

V/V (Min) 

CMRR 

Common-Mode 

Rejection Ratio 

-lov <; v C m <; +iov 

90 

72 

70 

dB (Min) 

PSRR 

Power Supply 

Rejection Ratio 

±5 V <; ±V S ^ + 16V 

90 

72 

70 

dB (Min) 

>SC 

Output Short 

Circuit Current 


±60 

±30 

±25 

mA (Min) 

A1 AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ta = 25°C, and 
Supply Voltage Vg = +15V. Boldface limits apply at temperature extremes. Rs = 500. 

Symbol 

Parameter 

Conditions 

Typical 

25°C 

Limit 

Units 

GBW 

Gain-Bandwidth 

f = 30 MHz 

37 

25 

MHz (Min) 

SR 

Slew Rate 

A v = +1,R L = 100 ka, ±4 V| N , 

±2 Vqut 

250 

150 

V/jns (Min) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and test conditions, see the 
Electrical Characteristics. The guaranteed specifications apply only for the test condition listed. Some performance characteristics may degrade when the device is 
not operated under the listed test conditions. 

Note 2: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors. Degradation of the input parameters (especially Vqs, los- and Noise) is 
proportional to the level of the externally limited breakdown current and the accumulated duration of the breakdown condition. 

Note 3: Continuous short-circuit operation of A1 at elevated temperature can result in exceeding the maximum allowed junction temperature of 125°C. A2 contains 
current limit and thermal shutdown to protect against fault conditions. The device may be damaged by shorts to the supplies. 

Note 4: Human body model, C = 100 pF, R$ = 1500ft. 
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Electrical Characteristics (continued) 

A2 DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for T/\ = 25°C, and 
Supply Voltage Vs = ± 1 5 V. Boldface limits apply at temperature extremes. Rs = 50n. 

Symbol 

Parameter 

Conditions 

Typical 

25°C 

Limit 

0°C to 70°C 

Limit 

Units 

Avi 

Voltage Gain 1 

r l = i kn, V| N = ±iov 

0.99 

0.97 

0.95 

V/mV (Min) 

A V2 

Voltage Gain 2 

R l = 50H, V| N = ± 10V 

0.9 

0.85 

0.82 

V/V (Min) 

Vos 

Offset Voltage 

r l = i kn 

15 

70 

100 

mV (Max) 

lb 

Input Bias Current 

r l = i kn, r s = io kn 

1 

6 

8 

juA (Max) 

Rin 

Input Resistance 

R|_ = 5on 

5 



Mn 

C|N 

Input Capacitance 


3.5 



! pF 

Ro 

Output Resistance 

Iout = ±10 mA 

3.5 

5.0 

8.0 

n (Min) 

Vo 

Voltage Output Swing 

R L = 1 kn 
r l = ioon 

R|_ = 50n 

13.7 

12.5 

11.0 

13.0 

10.5 

9.0 

12.7 

10.0 

8.5 

V (Min) 

PSRR 

Power Supply 

Rejection Ratio 

V s = ±5V to ± 16V 

70 

60 

50 

dB (Min) 

A2 AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ta = 25°C, and 
Supply Voltage Vs = ±15V. Boldface limits apply at temperature extremes. Rs = 50n. 

Symbol 

Parameter 

Conditions 

Typical 

25° C 

Limit 

Units 

SRI 

SR 2 

Slew Rate 1 

Slew Rate 2 

V| N = ±iiv, r l = i kn 

V| N = ± 1 1 V, R L = 50n (Note 7) 

1200 

750 

550 

V/jlis (Min) 

BW 

-3 dB Bandwidth 

Vin = ±100 mVpp 

R|_ = 50n, C|_ ^ 10 pF 

65 

30 

MHz (Min) 

tr> 

tf 

Rise Time 

Fall Time 

Rl = i kn, Cl ^ io pF 

Vo = 100 mVpp 

8 


ns 

P D 

Propagation Delay 

Rl = son, Cl ^ io pF 

Vo = 100 mVpp 

4 


ns 


Overshoot 

R l = 1 kn, C L = 100 pF 
r l = son, c L = iooo pF 

13 

21 


% 

Additional (A2) Electrical Characteristics Unless otherwise specified, all limits guaranteed for 

Ta = 25°C, and Supply Voltage Vs = + 15V. Boldface limits apply at temperature extremes. 

Symbol 

Parameter 

Conditions 

Typical 

25°C 

Limit 

0°C to 70°C 

Limit 

Units 

VOL 

Flag Pin Output 
Low Voltage 

Isink Flag Pin = 500 jaA 

220 

340 

400 

mV (Max) 

>OH 

Flag Pin Output 
High Current 

Vqh Hag Pin = 15V (Note 8) 

0.01 

10 

20 

jxA (Max) 

Note 5: For operation at elevated temperature, these devices must be derated to insure Tj ^ 125°C. Tj = Ta + (Pd X 0ja)- #ja f° r the N package mounted flush 
to the PCB, is 40°C/W when pins 4, 5, 12 and 13 are soldered to a total of 2 in 2 of copper trace. 

Note 6: Measured between ± 5V. 

Note 7: V|n = ±9V step input, measured between ±5V out. 

Note 8: The error flag is set during current limit or thermal shut-down. The flag is an open collector, low on fault. 
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Simplified Schematic 
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Settling Time Test Circuit 
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Typical Performance Characteristics Op Amp 

(Unless otherwise specified, Ta = 25°C, Vs = ± 1 5V, and Rl =10 kft.) 


Slew Rate vs 



1 10 100 1000 
CloAD (p p ) 


Bias Current vs 
Common-Mode Voltage 

5 

1 4 

z 

a: 3 

3 

3 2 

m 

5 


o 

-15 -10 -5 0 5 10 15 

COMMON-MODE VOLTAGE (V) 




1 10 100 Ik 10k 100K 

FREQUENCY (Hz) 


Gain-Bandwidth, Phase 
Margin vs Comp Cap 




100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Output Resistance 



1 10 100 
FREQUENCY (MHz) 


Supply Current vs 
Supply Voltage 



0 4 8 12 16 20 24 28 32 36 40 
TOTAL SUPPLY VOLTAGE (V) 



1 10 100 Ik 10k 100K 

FREQUENCY (Hz) 


Power Supply Rejection 



Ik 10k 100K 1M 

FREQUENCY (Hz) 


Slew Rate vs 
Compensation 



1 10 100 
COMPENSATION CAPACITANCE (pF) 



10k 100K 1M 10M 100M 

FREQUENCY (Hz) 


GBW and Phase Margin 
vs Comp Cap 



1 2 3 45 7 10 20 30405070100 

COMPENSATION CAPACITOR (pF) 


TL/H/10521 -8 
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Typical Performance Characteristics A1 Only 

(Unless otherwise specified, Ta = 25°C, Vs = ± 1 5V, and R[_ = 10 kft.) 


Gain vs Supply Voltage 


Bode Plot 




2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


Output Saturation Voltage 


100 Ik 10k 100k 1M 10M 
FREQUENCY (Hz) 

Common-Mode Input 
Saturation Voltage 


2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


Typical Performance Characteristics A2 Only 

(Unless otherwise specified, Ta = 25°C and Vs = ± 1 5 V.) 


Slew Rate vs 
Supply Voltage 



Slew Rate vs 
Input Amplitude 


4 6 8 10 12 14 16 18 

Supply Voltage (±V) 


Bandwidth vs 
Supply Voltage 




Overshoot vs 
Capacitive Load 


2 4 6 8 10 12 14 16 18 

Supply Voltage (±V) 



Gain-Bandwidth and 
Phase Margin vs 
Load Capacity 
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Slew Rate vs 
Temperature 



Junction Temperature (°C) 

Gain and Phase 
Shift (R l = 5<m) 
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SUPPLY BYPASSING 


Application Hints 

The LM6313 is a high-speed, high power operational ampli- 
fier that is designed for driving low-impedance loads such 
as 50fl and 75fl cables. Available in the standard, low cost, 
16-pin DIP, this amplifier will drive back terminated video 
cables with up to 10 Vp-p. The ability to add additional com- 
pensation allows the LM6313 to drive capacitive loads of 
any size at bandwidths previously possible only with very 
expensive hybrid devices. 

The LM6313 is excellent for driving high-speed flash A-to-D 
converters that require low-impedance drive at high fre- 
quencies. At 1 MHz, when used as a buffer, the LM6313 
output impedance is below 0.1 n. This very low output im- 
pedance also means that cables can be accurately back- 
terminated by just placing the characteristic impedance in 
series with the LM6313 output. 

OVER-VOLTAGE PROTECTION 

If the LM631 3 is being operated on supply voltages of great- 
er than ± 5V, the possibility of damaging the output stage 
transistors exists. At higher supply voltages, if the output is 
shorted or excessive power dissipation causes the output 
stage to shut down, the maximum A2 input-to-output volt- 
age, can be exceeded. This occurs when the input stage 
tries to drive the output while the output is at ground. To 
prevent this from happening, an easy solution is to place 
diodes around the output stage (See Figure 4). This will 
limit the maximum differential voltage to about 1.3V. Any 
signal diode, such as the 1N914 or the 1N4148 will work 
fine. 



When driving a low impedance load such as 50fl, and oper- 
ating from ± 1 5V supplies, the internal power dissipation of 
the LM6313 can rise above 3W. To prevent overheating of 
the chip, which would cause the thermal protection circuitry 
to shut the system down, the following guidelines should be 
followed: 

1. Reduce the supply voltage. The LM6313 will operate 
with little change in performance, except output voltage 
swing, on ±5V supplies. This will reduce the dissipation 
to the level where no precautions against overheating 
are necessary for loads of 1 0H or more. 

2. Solder pins 4, 5, 1 2 and 1 3 to copper traces which are at 
least 0.100 inch wide and have a total area of at least 2 
square inches, to obtain a 0 ja of 40°C/W. These four 
pins are connected to the back of the chip and will be at 
V—. They should not be used as a V— connection un- 
less pin 3 is also connected to this same point. 


Because of the large currents required to drive low-imped- 
ance loads, supply bypassing as close as possible to the 
I.C. is important. At 50 MHz, a few inches of wire or circuit 
trace can have 20H or 30H of inductive reactance. This 
inductance in series with a 0.1 juF bypass capacitor can 
resonate at 1 MHz to 2 MHz and just appear as an inductor 
at higher frequencies. A 0.1 julF and a 10/xF to 15 jaF capac- 
itor connected in parallel and as close as possible to the 
LM6313 supply pins, from each supply to ground, will give 
best performance. 


The compensation pin, pin 15, makes it possible to drive 
any load at any closed loop gain without stability problems. 
In most cases, where the gain is -1 or greater and the load 
is resistive, no compensation capacitor is required. When 
used at unity gain or when driving reactive loads, a small 
capacitor of 5 pF to 20 pF will insure optimum performance. 
The easiest way to determine the best value of compensa- 
tion capacitor is to temporarily connect a trimmer capacitor 
(typical range of 2 pF to 15 pF) between pin 15, and ground, 
and adjust it for little or no overshoot at the output while 
driving the input with a square wave. 

If the actual load capacitance is known, the typical graphs 
“Gain-Bandwidth and Phase Margin vs. Load Capacitance” 
can be used to select a value. 


The LM6313 is ideally suited for driving 50fl or 75fl cables. 
Unlike a buffer that requires a separate gain stage to make 
up for the losses involved in termination, the LM6313 gain 
can be set to 1 plus the line losses when the transmission 
line is end-terminated. If back-termination is needed, adding 
the line impedance in series with the output and raising the 
gain to 2 plus the expected line losses will provide a 0 dB 
loss system. Figure 5 illustrates the back and end terminat- 
ed video system including compensation for line losses. The 
excellent stability of the LM6313 with changes in supply 
voltages allow running the amplifier on unregulated sup- 
plies. The typical change in phase shift when the supplies 
are changed from ±5V to ±15V is less than 3° at 10 MHz. 


i.ik 



SELECTION OF COMPENSATION CAPACITOR 


VIDEO CABLE DRIVER 
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Application Hints (Continued) 

LASER DIODE MODULATOR 

Figure 6 is a minimum component count example of a video 
modulator for a CW laser diode. This example biases the 
diode at 200 mA and modulates the current at ±200 mA per 
volt of signal. If it is desired to reduce power consumption 
and ± 5 V supplies are available, all that is necessary is to 
change R2 to 5 kft and R4 to 1 5 ft. 


+15V 



TL/H/10521-13 

FIGURE 6 

In photo 1, Cl is 1000 pF. The LM6313 is slewing at 
250 V/juts, from -5V to +5V. The slew rate is 450 V/ju,s 
from +5V to —5 V. This requires the op amp to deliver 
450 mA into the load and remain stable. 



TL/H/10521-16 

Photo 1 


CAPACITIVE LOAD DRIVING 

Figure 7 is the circuit used to demonstrate the ability of the 
LM6313 to drive capacitive loads at speeds not previously 
possible with monolithic op amps. 


10k 



In photo 2, Cl is changed to 1 juF. Under these conditions, 
the op amp is forced into current limiting. Here the current is 
internally limited to about ±400 mA. Note the rapid and 
complete recovery to normal operation at the end of slew- 
ing. 



TL/H/10521-15 

Photo 2 
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National 
Semiconductor 

LM 13080 

Programmable Power Operational Amplifier 


General Description 

The LM13080 is an internally compensated medium power 
operational amplifier designed for use in those applications 
requiring load currents of several hundred milliamperes. 
This amplifier has the added advantage of having an input 
stage programmed with an external resistor. The user is 
able to optimize the amplifier performance for each individu- 
al application with this feature. Applications include servo 
amplifiers and drivers, high input impedance audio amplifi- 
ers, DC-to-DC converters, precision power comparators 
which can either sink or source current and motor speed 
controls. 

The LM13080 may be powered from either single or dual 
power supplies, and will operate from as little as 3V. 

As a power operational amplifier, the LM1 3080 is capable of 
delivering 0.25A to a load. This feature allows the system 
designer to fulfill his medium power circuit requirements 
without having to add external current boost transistors to 
the output of a standard operational amplifier. 


By selecting the proper input stage bias resistor it is possi- 
ble to tailor the performance of the input stage to meet the 
needs of any particular system. Trade-offs between input 
offset voltage, input bias current and gain bandwidth are 
easily made. 

An unusual feature of the LM13080 is an electronic shut- 
down capability. 

Features 

b High output current—250 mA 
a Externally programmable input stage 
b Low power supply operation — 3V 
a Electronic shut-down capability 
b Internally compensated for unity gain 
a Low input bias current 


Schematic Diagram 



TL/H/7978-2 


Connection Diagram 


Order Number LM13080N 
See NS Package Number N08E 


Dual-In-Line Package 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage Operation Range 3V to 1 5V 

±1.5V to +7.5V 

Power Dissipation (Note 1 ) 1 250 mW 

Differential Input Voltage (Note 2) 1 5V 


Electrical Characteristics V S = 12 V, Rset = 680k, 0 °C ^ T a <; 70°C, unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C (Note 5) 


±3 

±7 

mV 

Input Bias Current 

!|N( + ) or l|N(-)’T A = 25 ° C 


100 

400 

nA 

Input Offset Current 

l|N( + ) ~ l|N(— ).T A = 25°C 


±30 

±75 

nA 

Supply Current 

Rl = °°»T A = 25°C (Note 6) 


3 

6 

mA 

Output Voltage Swing 

V s = ±6V, T a = 25°C (Note 1) 





Voh 

Rl = 50ft 

4.5 

5 


V 


Rl = 8 ft 

2 



V 

V 0 L 

Rl = 50ft 


-5 

-4.5 

V 


Rl = 8ft 



-2 

V 

Large Signal Voltage Gain 

V s = ±6V,R l = 50ft, 
f = 100 Hz, T a = 25°C 

3 

10 


V/mV 

Input Common-Mode 

Voltage Range 

V s ^ 15V, T a = 25°C 
(Note 3) 

1 


V S -1.5 

V 

Input Offset Voltage 

(Note 5) 



±10 

mV 

Input Offset Voltage Drift 



5 


juV/°C 

Input Bias Current 

*IN( + ) Or l|N(— ) 



600 

nA 

Input Offset Current 

>IN( + ) “ l|N(-) 



±150 

nA 

Input Offset Current Drift 



50 


pA/°C 

Supply Current 

r l = o° (Note 6) 



8 

mA 

Output Voltage Swing 

V s = ±6V (Note 1) 





Voh 

Rl = 50ft 



4 

V 


R l = 8ft 



1.6 

V 

Vol 

Rl = 50ft 

-4 



V 


Rl = 8ft 

-1.6 



V 


Input Voltage Range (Note 3) 

Input Current (Vin ^ -0.3V) (Note 4) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


-0.3V to + 15V 
20 mA 
0°C to +70°C 
— 65°C to + 1 50°C 
300°C 
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Electrical Characteristics Vs = 12V, Rset = 680k, 0°C ^ T A ^ 70°C, unless otherwise specified (Continued) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Large Signal Voltage Gain 

V s = ±6V, R L = 50ft, f = 100 Hz 

1 



V/mV 

Input Common-Mode 

Voltage Range 

V s <: 15V (Note 3) 

1.25 


V S - 1.75 

V 

Common-Mode Rejection Ratio 

T a = 25°C 

63 

85 


dB 

Total Harmonic Distortion 

R|_ = 8ft, Vq = 2 Vrms, 
f = 1 kHz, T a = 25°C 


0.5 

5 

% 


Note t: For operation at high temperatures, the LM13080 must be derated based upon a maximum junction temperature of 150°C and a thermal resistance of 
100°C/W. The thermal resistance values given are for a still air ambient with the package soldered into a printed circuit board. 


Note 2: Differential input voltages up to the magnitude of the power supply voltage will not damage the input circuitry. However, input voltages outside the input 
common-mode voltage range will not be able to properly control the output of the amplifier. 

Note 3: The input voltage applied to either input should not be allowed to go more than 0.3V below the potential applied to pin 4; however, either input can be taken 
as high as 15V without causing damage to the circuit. Input voltages below the minimum common-mode voltage range may cause a phase reversal in the output. 
Note 4: This input current will exist only when the voltage at either input lead is driven negative. It is due to the base-isolation junction of the PNP transistor tub 
becoming forward biased and thereby acting as an input diode clamp. In addition to this diode action, there is also lateral NPN parasitic action on the 1C chip. This 
transistor action can cause the output to take an undefined state for the time duration that an input is driven negative. 

Note 5: Vq = 6V, Rg = Oft, and over the full input common-mode voltage range. 

Note 6: Supply current is measured with the amplifier connected in a unity gain follower configuration and the positive input set to one-half of the supply voltage. 

Typical Performance Characteristics 


Slew Rate as Function 



10k 100k 1M 10M 

Rset - set resistance <.q) 


Offset Voltage Change vs 
Power Dissipation Due to 
Thermal Feedback 



1200 800 400 0 400 BOO 1200 

AP Q (mW) SINKING JPq (mW) SOURCING 


Supply Current 



Thermal Feedback Time 



0 10 20 30 40 50 50 70 80 90 100 


TIME (ms) 


Supply Current 


Rset 
r l = 

= 680k 






1 
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V S - POWER SUPPLY VOLTAGE (V) 


Device Dissipation vs 
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Tft - AMBIENT TEMPERATURE ( U C) 


TL/H/7978-4 
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V| N - INPUT VouT - OUTPUT 

VOLTAGE (mV) VOLTAGE (mV) A V0L - OPEN LOOP VOLTAGE GAIN (dB) A V QL ~ OPEN LOOP VOLTAGE GAIN (dB) V os - OFFSET VOLTAGE (mV) 
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Application Hints 

The LM13080 is a power op amp capable of sourcing or 
sinking more than 250 mA and does not include internal 
current limit or thermal shut-down. Therefore, the user must 
make sure that his application will not cause the power dis- 
sipation rating of the package to be exceeded. The 
LM13080 is rated at a maximum dissipation of 1250 mW at 
25°C. For operation at temperatures above 25°C, the maxi- 
mum dissipation must be derated using the equation: 


where Pp is the maximum allowable power dissipation, Tj is 
the maximum junction temperature (150°C), Ta is the ambi- 
ent temperature and 0 ja is the thermal resistance of the 
package operated in a still air environment. 0 ja for the 
LM13080N is 100°C/W. For example, if the LM13080N is 
used in free air in a 70°C ambient, the maximum power that 
can be dissipated is: 


To employ electronic shut-down the output bias pin, pin 2, 
and the negative end of the input bias resistor, Rset. are 
connected to the negative power supply (or ground in a sin- 
gle power system) through a saturated NPN transistor (or 
other electronic switch). When the transistor is turned OFF, 
all of the bias currents inside the op amp are turned OFF 
and all input and output terminals will float. When first 
turned ON, the output will take about 5 /as to reach the 
correct level. To insure that the LM13080 is OFF, leakage in 
the control device must be below the level that will allow 
pins 2 and 7 to fall to 0.4V below V+. 

Power supply rejection is a function of the change in voltage 
across the input bias resistor, Rset- To improve the PSRR 
of the LM 13080, the user must be careful to bypass pin 7 to 
pin 6 or to establish a floating voltage referenced to the 
positive power supply to serve as a connection point for 
Rset- In applications where PSRR is important, it is impera- 
tive that a supply bypass capacitor(s) be used. 


Pd = 


150°C - 70°C 
100°C/W 


= 800 mW 


Typical Applications 

LINE DRIVER 


The LM13080 derives its ability to sink current through the 
use of a composite NPN/PNP output configuration. This lo- 
cal loop must be compensated by the series connection of a 
0.05 jaF capacitor and a 1011 resistor between the output of 
the op amp (pin 5) and the negative power supply (pin 4). 
The RC does not just filter out the oscillation from the output 
waveform but actually stabilizes the loop. 

If the inputs of the LM1 3080 are driven below the input com- 
mon-mode voltage range, it is possible that the output will 
experience a phase reversal. This is particularly true for the 
non-inverting input (V|N( + )). If either input is driven to a volt- 
age level 0.3V below the substrate (pin 4) a parasitic NPN 
transistor will be turned ON. The emitter of this parasitic 
transistor is the normal input transistor epi (N-type, base) 
region, the base is the substrate (P-type) and the collector is 
every other epi region on the die. Circuit operation in this 
mode is unpredictable. If an input is forced below the sub- 
strate, the current flowing out of that input should be limited 
to 20 mA to insure that the amplifier will not be destroyed. 
Programming the LM 13080 is accomplished by selecting 
the value of Rset. the input stage bias resistor, to optimize 
the amplifier for each particular application. An example 
would be an application with low source resistance which 
requires a low offset voltage to make a precise DC mea- 
surement. By selecting an Rset of 100 kfl, the normal off- 
set voltage would be reduced to approximately one-fourth 
the value it would be if a 680k resistor was used. By study- 
ing the curves, it can be seen that the bias current will in- 
crease but an increase here has very little effect due to the 
small source impedance. It should also be noted that with a 
100k input set resistor the gain bandwidth product will also 
increase, and in fact, the amplifier must be operated with a 
closed loop voltage gain of 6 to assure stability. 

The effect of Rset on the total quiescent supply current will 
be very small (Ms < 5% Is) as long as Rset is 100k or 
greater. 


The line driver circuit in Figure 1 is able to accept an unbal- 
anced, high impedance input and convert it to a balanced 
output suitable for driving a low impedance line. This is par- 
ticularly useful in an environment where magnetically in- 
duced hum or noise pickup is a problem. 

The outputs of the 2 LM1 3080s are of opposite polarity; 
therefore, terminating the line with a balanced load (i.e., a 
differential amplifier or a transformer) will cause common- 
mode interference pickup to be cancelled. 

This circuit will drive a 20 Vp-p signal into a 5011 load for 
frequencies up to 10 kHz. Above 10 kHz the output signal is 
slew rate limited, but the line driver will still supply a 13 Vp-p 
signal at 20 kHz. The voltage gain of the network is 2, and 
the low frequency roll-off is determined by: 


L 2ttRC 

It can be seen that if the load is connected directly between 
the outputs of the amplifiers, the line driver becomes a sim- 
ple bridge amplifier capable of delivering 2W into a 1611 
load. 

PIEZOELECTRIC ALARM 

The piezoelectric alarm shown in Figure 2 uses a 3-terminal 
transducer (Gulton 101FB or equivalent) to produce an 
80 dB SPL alarm. 

The transducer has a feedback terminal which is connected 
to the non-inverting input of the LM 13080, causing oscilla- 
tion at the resonant frequency of the piezoelectric crystal. 
The alarm can be controlled through the use of the electron- 
ic shut-down feature of the amplifier. The 100k resistor and 
0.1 juF capacitor are used to provide a reference voltage at 
the inverting input and to keep the duty cycle of the crystal 
oscillation close to 50%. The RC time constant of this feed- 
back network should be much greater than the time con- 
stant of the transducer. 
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Typical Applications (Continued) 


6V 



OUTPUT (TO 
TWISTED PAIR) 


TL/H/7978-5 

FIGURE 1. Line Driver — Unbalanced 
Input to Balanced Output 


9V 100k 



SIRENS 

Two separate circuits for sirens are shown. The first, Figure 
3, is a 2-state or ON-OFF type siren where the LM 13080 
oscillates at an audio frequency and drives an 8H speaker 
and the LM339 acts as a switch which controls the audio 
burst rate. The second siren, Figure 4 , provides a constant 
audio output but alternates between 2 separate tones. The 
LM 13080 is set to oscillate at one basic frequency and this 
frequency is changed by adding a 200 kn charging resistor 
in parallel with the feedback resistor, R2. 

LAMP FLASHER— RELAY DRIVER 

The LM 13080 is easily adaptable to such applications as 
low frequency warning devices. The output of the oscillator 
is a squarewave that is used to drive lamps or small relays. 
As shown in Figure 5, the circuit alternately flashes 2 incan- 
descent lamps. 



fsWITCH = 


i 

1.4 R2C2 


= 1.9 Hz 


TL/H/7978-7 
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Typical Applications (Continued) 


Ri 




a) Split Supplies 



b) Single Supply 


FIGURE 5. Low Frequency Lamp Flasher/Relay Driver 


MOTOR SPEED CONTROL 

The LM13080 can be used to construct a very simple speed 
control for small motors requiring less than 0.5A start cur- 
rent. This circuit operates by impressing the multiple of a 
reference voltage across the motor, and then varying the 
reference by means of a quasi-positive feedback to change 
the voltage across the motor any time the load on the motor 
changes. 

To understand the circuit operation, it is easiest to let the 
voltage at the cathode of diode D1 , Figure 6, be the input 


voltage, V|n, to the system. Diode D1 is actually a level shift 
diode to bring Vin into the common-mode range of the am- 
plifier. A reference voltage is established by the combined 
voltage drop through the 10H potentiometer, R3 and the 
reference diode, D2 and is applied to the non-inverting input 
of the LM 13080. Resistor R4 is a bias resistor used to keep 
D2 active. The 1 0k speed adjust potentiometer is 2 resistors 
in 1, where section RI is the input resistance and section 
R2 is the negative feedback resistance. It can be seen that 
the voltage impressed across the motor is equal to: 

w ( V BE2 + 13^3) R2 , w 

V MOTOR = + V BE 
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Typical Applications (Continued) 

The positive feedback is developed as a change in the volt- 
age across R3 due to the change in the motor current 
caused by a variation in the motor’s load. Resistor R3 is 
shown as a potentiometer so that the amount of positive 
feedback can be adjusted for smooth operation of the mo- 
tor. Capacitor Cl and resistor R5 serve as a filter for the 
reference voltage at the non-inverting input of the amplifier. 

VOLTAGE REGULATORS 

In normal, positive or negative regulator application such as 
those shown in Figure 7 and Figure 8, the LM 13080 has 2 
major advantages over standard operational amplifiers. The 
LM 13080 has its own on-chip pass device and in addition 
can either sink or source 250 mA of load current. 




2V <S Vqut * (V|N - 2V) 


TL/H/7978-12 


FIGURE 7. Positive Variable Voltage Regulator 

Note: Pin numbers apply to miniDIP. 


10k 


10k 



-15V IS V 0U T ^ ~(ViN - 2V) 

FIGURE 8. Negative Variable Voltage Regulator 


TL/H/7978-13 


3-712 



National 
Semiconductor 

LM 1 3600/LM 1 3600A 

Dual Operational Transconductance Amplifiers 
with Linearizing Diodes and Buffers 

General Description 

The LM13600 series consists of two current controlled 
transconductance amplifiers each with differential inputs 
and a push-pull output. The two amplifiers share common 
supplies but otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce distortion and 
allow higher input levels. The result is a 10 dB signal-to- 
noise improvement referenced to 0.5 percent THD. Con- 
trolled impedance buffers which are especially designed to 
complement the dynamic range of the amplifiers are provid- 
ed. 

Features 

El g m adjustable over 6 decades 
m Excellent g m linearity 


El Excellent matching between amplifiers 
m Linearizing diodes 
m Controlled impedance buffers 

□ High output signal-to-noise ratio 
m Wide supply range ±2V to ±22V 

Applications 

h Current-controlled amplifiers 

□ Current-controlled impedances 

□ Current-controlled filters 

□ Current-controlled oscillators 

□ Multiplexers 

□ Timers 

□ Sample and hold circuits 



Connection Diagram 


Dual-ln-Line and Small Outline Packages 

AMP 


BIAS DIODE INPUT INPUT BUFFER BUFFER 

INPUT BIAS (+) (-) OUTPUT V+ input OUTPUT 



Top View 

Order Number LM13600M, LM13600N or LM13600AN 
See NS Package Number M16A or N16A 


TL/H/7980-2 


3-713 


LM13600/LM1 3600A 




LM 1 3600/LM 1 3600A 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Note 1) 

LM 13600 36 V DC or ±18V 

LM13600A 44V D cor ±22V 

Power Dissipation (Note 2) Ta = 25°C 570 mW 

Differential Input Voltage ± 5V 

Diode Bias Current (Ip) 2 mA 

Amplifier Bias Current (Iabc) 2 mA 

Output Short Circuit Duration Continuous 

Buffer Output Current (Note 3) 20 mA 

Electrical Characteristics (Note 4) 

Operating Temperature Range 0°C to + 70°C 

DC Input Voltage + Vs to -Vs 

Storage T emperature Range - 65°C to + 1 50°C 

Soldering Information 

Dual-ln-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

1 nf rared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Parameter 

Conditions 

LM 13600 

LM13600A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Vos) 



0.4 

4 


0.4 

1 

mV 


Over Specified Temperature Range 






2 

mV 


•abc = 5 


0.3 

4 


0.3 

1 

mV 

Vos Including Diodes 

Diode Bias Current (Ip) = 500 juA 


0.5 

5 


0.5 

2 

mV 

Input Offset Change 

5 ju,A <; Iabc ^ 500 juA 


0.1 

3 


0.1 

1 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

jllA 

Input Bias Current 



0.4 

5 


0.4 

5 

juA 


Over Specified Temperature Range 


1 

8 


1 

7 

juA 

Forward 









Transconductance (g m ) 


6700 

9600 

13000 

7700 

9600 

12000 

jamho 


Over Specified Temperature Range 

5400 



4000 



jumho 

g m Tracking 



0.3 



0.3 


dB 

Peak Output Current 

Rl = o. Iabc = 5 M 


5 


3 

5 

7 

fiA 


Rl = o. Iabc = 500 p-A 

350 

500 

650 

350 

500 

650 

fiA 


Rl = 0, Over Specified Temp Range 

300 



300 



/xA 

Peak Output Voltage 









Positive 

Rl = 5 jaA ^ Iabc ^ 500 jutA 

+ 12 

+ 14.2 


+ 12 

+ 14.2 


V 

Negative 

r l = oOj 5 juA ^ Iabc ^ 500 jiA 

-12 

-14.4 


-12 

-14.4 


V 

Supply Current 

Iabc = 500 juA, Both Channels 


2.6 



2.6 


mA 

Vos Sensitivity 









Positive 

A V 0 S /AV+ 


20 

150 


20 

150 

juiV/V 

Negative 

A V 0 S /AV— 


20 

150 


20 

150 

fxV/V 

CMRR 


80 

110 


80 

110 


dB 

Common Mode Range 


±12 

±13.5 


±12 

±13.5 


V 

Crosstalk 

Referred to Input (Note 5) 


100 



100 


— 


20 Hz < f < 20 kHz 







■ 

Differential Input Current 

•abc = 0. Input = ±4V 


0.02 

100 


0.02 

10 


Leakage Current 

Iabc = 0 (Refer to Test Circuit) 


0.2 

100 


0.2 

5 
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Electrical Characteristics (Note 4) (continued) 



Note 1: For selections to a supply voltage above ±22 V, contact factory. 

Note 2: For operating at high temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 175°C/W 
which applies for the device soldered in a printed circuit board, operating in still air. 

Note 3: Buffer output current should be limited so as to not exceed package dissipation. 

Note 4: These specifications apply for Vs = ± 15V, Ta = 25°C, amplifier bias current (Iabc) = 500 pA pins 2 and 15 open unless otherwise specified. The inputs 
to the buffers are grounded and outputs are open. 

Note 5: These specifications apply for Vs = ±15V, Iabc = 500 jA R OUT = 5 kfl connected from the buffer output to -Vs and the input of the buffer is 
connected to the transconductance amplifier output. 

Schematic Diagram 


One Operational Transconductance Amplifier 
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IpA 1/iA 10/iA 100/uA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 


.1/iA IjuA 10 mA lOOjutA 1000/iA 
AMPLIFIER BIAS CURRENT (l ABC ) 


0.1/iA 1/iA IO/i A 100/tA 1000 /iA 

AMPLIFIER BIAS CURRENT (l ABC ) 


TL/H/7980-3 





Typical Performance Characteristics (Continued) 


Distortion vs Differential 



1 10 100 1000 
DIFFERENTIAL INPUT VOLTAGE (mVpp) 


Voltage vs Amplifier Bias Current 



l AB Q AMPLIFIER BIAS CURRENT (/iA) 



i l LLLLLM LLLLUJil Him Tium 

10 100 IK 10K 100K 

FREQUENCY (Hz) 


TL/H/7980-4 


Unity Gain Follower 



TL/H/7980-5 


Leakage Current Test Circuit Differential Input Current Test Circuit 
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Circuit Description 

The differential transistor pair Q4 and Q5 form a transcon- 
ductance stage in that the ratio of their collector currents is 
defined by the differential input voltage according to the 
transfer function: 

ViN = v ln i § (1) 

q l 4 

where Vin is the differential input voltage, kT/q is approxi- 
mately 26 mV at 25°C and I5 and I4 are the collector cur- 
rents of transistors Q5 and Q4 respectively. With the excep- 
tion of Q3 and Q13, all transistors and diodes are identical in 
size. Transistors Qi and Q2 with Diode D-| form a current 
mirror which forces the sum of currents I4 and I5 to equal 
Iabc; 

U + I5 = Ubc ( 2 ) 

where Iabc is the amplifier bias current applied to the gain 
pin. 

For small differential input voltages the ratio of I4 and I5 
approaches unity and the Taylor series of the In function 
can be approximated as: 


other. The remaining transistors and diodes form three cur- 
rent mirrors that produce an output current equal to I5 minus 
I4 thus: 



The term in brackets is then the transconductance of the 
amplifier and is proportional to Iabc- 

Linearizing Diodes 

For differential voltages greater than a few millivolts, Equa- 
tion 3 becomes less valid and the transconductance be- 
comes increasingly nonlinear. Figure 1 demonstrates how 
the internal diodes can linearize the transfer function of the 
amplifier. For convenience assume the diodes are biased 
with current sources and the input signal is in the form of 
current Is- Since the sum of I4 and I5 is Iabc an d the differ- 
ence is Iqut. currents I4 and I5 can be written as follows: 

, _]abc *out , |abc , Iout 

14 — r Js ~ + ~ 


kT, l 5 _ kT I5-I4 
— In— ; 

q U q U 


Since the diodes and the input transistors have identical 
(3) geometries and are subject to similar voltages and tempera- 

tures, the following is true: 


MwH - 14 < 5 > 

Collector currents I4 and I5 are not very useful by them- 
selves and it is necessary to subtract one current from the 


!d , , 

kT, 2 + S 
-In- 

q Id , 

2 “' S 


Iabc + ]out 

M ; in _2 2 _ 

q Iabc _ W 
2 2 


■ • lout — Is 



for |l s | 


(6) 
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Linearizing Diodes (Continued) 

Notice that in deriving Equation 6 no approximations have 
been made and there are no temperature-dependent terms. 
The limitations are that the signal current not exceed I q/ 2 
and that the diodes be biased with currents. In practice, 
replacing the current sources with resistors will generate 
insignificant errors. 

Controlled Impedance Buffers 


Applications — Voltage Controlled 
Amplifiers 

Figure 2 shows how the linearizing diodes can be used in a 
voltage-controlled amplifier. To understand the input bias- 
ing, it is best to consider the 13 kfl resistor as a current 
source and use a Thevenin equivalent circuit as shown in 
Figure 3. This circuit is similar to Figure 1 and operates the 
same. The potentiometer in Figure 2 is adjusted to minimize 
the effects of the control signal at the output. 


The upper limit of transconductance is defined by the maxi- 
mum value of I abc ( 2 mA). The lowest value of Iabc for 
which the amplifier will function therefore determines the 
overall dynamic range. At very low values of Iabc. a buffer 
which has very low input bias current is desirable. An FET 
follower satisfies the low input current requirement, but is 
somewhat non-linear for large voltage swing. The controlled 
impedance buffer is a Darlington which modifies its input 
bias current to suit the need. For low values of Iabc. the 
buffer’s input current is minimal. At higher levels of Iabc. 
transistor Q3 biases up with a current proportional to 
Iabc for fast slew rate. When Iabc is changed, the DC level 
of the Darlington output buffer will shift. In audio applica- 
tions where Iabc is changed suddenly, this shift may pro- 
duce an audible “pop”. For these applications the LM13700 
may produce superior results. 


+Vs 


For optimum signal-to-noise performance, Iabc should be 
as large as possible as shown by the Output Voltage vs. 
Amplifier Bias Current graph. Larger amplitudes of input sig- 
nal also improve the S/N ratio. The linearizing diodes help 
here by allowing larger input signals for the same output 
distortion as shown by the Distortion vs. Differential Input 
Voltage graph. S/N may be optimized by adjusting the mag- 
nitude of the input signal via Rin (Figure 2) until the output 
distortion is below some desired level. The output voltage 
swing can then be set at any level by selecting R|_. 
Although the noise contribution of the linearizing diodes is 
negligible relative to the contribution of the amplifier’s inter- 
nal transistors, Iq should be as large as possible. This mini- 
mizes the dynamic junction resistance of the diodes (r e ) and 
maximizes their linearizing action when balanced against 
Rlivj. A value of 1 mA is recommended for Iq unless the 
specific application demands otherwise. 

30 K 



GAIN 

CONTROL 


> OUTPUT 


TL/H/7980-9 



(¥) 


TL/H/7980-10 
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Stereo Volume Control 


The circuit of Figure 4 uses the excellent matching of the 
two LM13600 amplifiers to provide a Stereo Volume Control 
with a typical channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset voltage and may be 
replaced with two 51 Oft resistors in AC-coupled applica- 
tions. For the component values given, amplifier gain is de- 
rived for Figure 2 as being: 


Vo_ 

V|N 


= 940 X Iabc 


If Vc is derived from a second signal source then the circuit 
becomes an amplitude modulator or two-quadrant multiplier 
as shown in Figure 5, where: 


>0 = 


-2<S 

>d 


(Iabc) = 


~2ls V IN2 

Id Rc 


2I S (V- + 1.4V) 
>D Rc 




FIGURE 5. Amplitude Modulator 


TL/H/7980-12 



Stereo Volume Control (Continued) 

The constant term in the above equation may be cancelled 
by feeding Is X IdRc / 2 (V - + 1.4V) into !<> The circuit of 
Figure 6 adds Rm to provide this current, resulting in a four- 
quadrant multiplier where Rc is trimmed such that Vq = OV 
for V|N 2 = OV. Rm also serves as the load resistor for Iq. 
Noting that the gain of the LM13600 amplifier of Figure 3 
may be controlled by varying the linearizing diode current \q 
as well as by varying Iabc» Figure 7 shows as AGC Amplifier 
using this approach. As Vq reaches a high enough ampli- 
tude (3 Vbe) to turn on the Darlington transistors and the 
linearizing diodes, the increase in Ip reduces the amplifier 
gain so as to hold Vq at that level. 

Voltage Controlled Resistors 

An Operational Transconductance Amplifier (OTA) may be 
used to implement a Voltage Controlled Resistor as shown 


in Figure 8. A signal voltage applied at Rx generates a Vin 
to the LM 13600 which is then multiplied by the g m of the 
amplifier to produce an output current, thus: 


Rx = 


R + r a 
9m Ra 


where g m ~ 1 9.2 Iabc at 25°C. Note that the attenuation of 
Vq by R and Ra is necessary to maintain Vin within the 
linear range of the LM13600 input. 

Figure 9 shows a similar VCR where the linearizing diodes 
are added, essentially improving the noise performance of 
the resistor. A floating VCR is shown in Figure 10, where 
each “end” of the “resistor” may be at any voltage within 
the output voltage range of the LM13600. 





FIGURE 8. Voltage Controlled Resistor, Single-Ended 


TL/H/7980-14 


TL/H/7980-15 
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Voltage Controlled Filters 

OTA’s are extremely useful for implementing voltage con- 
trolled filters, with the LM13600 having the advantage that 
the required buffers are included on the I.C. The VC Lo-Pass 
Filter of Figure 1 1 performs as a unity-gain buffer amplifier 
at frequencies below cut-off, with the cut-off frequency be- 
ing the point at which Xc/g m equals the closed-loop gain of 
(R/Ra). At frequencies above cut-off the circuit provides a 
single RC roll-off (6 dB per octave) of the input signal ampli- 
tude with a -3 dB point defined by the given equation, 


where g m is again 19.2 x Iabc at room temperature. Figure 
12 shows a VC High-Pass Filter which operates in much the 
same manner, providing a single RC roll-off below the de- 
fined cut-off frequency. 

Additional amplifiers may be used to implement higher order 
filters as demonstrated by the two-pole Butterworth Lo-Pass 
Filter of Figure 13 and the state variable filter of Figure 14. 
Due to the excellent g m tracking of the two amplifiers and 
the varied bias of the buffer Darlingtons, these filters per- 
form well over several decades of frequency. 



FIGURE 9. Voltage Controlled Resistor with Linearizing Diodes 


TL/H/7980-16 


100 K 100 K 



FIGURE 10. Floating Voltage Controlled Resistor 

30 K 



FIGURE 11. Voltage Controlled Low-Pass Filter 


TL/H/7980-17 


TL/H/7980-18 
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Voltage Controlled Filters (Continued) 

30 K 



RA9m 

(R + R a )2itC 


TL/H/7980-19 


FIGURE 12. Voltage Controlled Hi-Pass Filter 
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Voltage Controlled Oscillators 

The classic Triangular/Square Wave VCO of Figure 15 is 
one of a variety of Voltage Controlled Oscillators which may 
be built utilizing the LM13600. With the component values 
shown, this oscillator provides signals from 200 kHz to be- 
low 2 Hz as lc is varied from 1 mA to 10 nA. The output 
amplitudes are set by Ia X Ra- Note that the peak differen- 
tial input voltage must be less than 5V to prevent zenering 
the inputs. 

A few modifications to this circuit produce the ramp/pulse 
VCO of Figure 16. When V 02 is high, Ip is added to lc to 


increase amplifier A1 ’s bias current and thus to increase the 
charging rate of capacitor C. When V 02 is low, Ip goes to 
zero and the capacitor discharge current is set by l<> 

The VC Lo-Pass Filter of Figure 11 may be used to produce 
a high-quality sinusoidal VCO. The circuit of Figure 16 em- 
ploys two LM 13600 packages, with three of the amplifiers 
configured as lo-pass filters and the fourth as a limiter/in- 
verter. The circuit oscillates at the frequency at which the 
loop phase-shift is 360° or 1 80° for the inverter and 60° per 
filter stage. This VCO operates from 5 Hz to 50 kHz with 
less than 1 % THD. 



lc If 



FIGURE 16. Ramp/Pulse VCO fQ ~ lc for , c < , F 
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Voltage Controlled Oscillators (Continued) 


30 K 



FIGURE 17. Sinusoidal VCO 


TL/H/7980-24 


10 K 



Figure 18 shows how to build a VCO using one amplifier 
when the other amplifier is needed for another function. 


Additional Applications 

Figure 19 presents an interesting one-shot which draws no 
power supply current until it is triggered. A positive-going 
trigger pulse of at least 2 V amplitude turns on the amplifier 
through Rb and pulls the non-inverting input high. The am- 
plifier regenerates and latches its output high until capacitor 
C charges to the voltage level on the non-inverting input. 
The output then switches low, turning off the amplifier and 
discharging the capacitor. The capacitor discharge rate is 
increased by shorting the diode bias pin to the inverting in- 
put so than an additional discharge current flows through D| 
when the amplifier output switches low. A special feature of 
this timer is that the other amplifier, when biased from Vq, 
can perform another function and draw zero stand-by power 
as well. 


The operation of the multiplexer of Figure 20 is very straight- 
forward. When A1 is turned on it holds Vq equal to Vini and 
when A2 is supplied with bias current then it controls Vq. Cq 
and Rq serve to stabilize the unity-gain configuration of am- 
plifiers A1 and A2. The maximum clock rate is limited to 
about 200 kHz by the LM13600 slew rate into 150 pF when 
the (V|N-|-V|N2) differential is at its maximum allowable value 
of 5V. 

The Phase-Locked Loop of Figure 21 uses the four-quad- 
rant multiplier of Figure 6 and the VCO of Figure 18 to pro- 
duce a PLL with a ±5% hold-in range and an input sensitivi- 
ty of about 300 mV. 


J 
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Additional Applications (Continued) 



30 K 



Vo 

f c = 1 kHz 
±5% 

HOLD IN 
RANGE 


TL/H/7980-28 


The Schmitt Trigger of Figure 22 uses the amplifier output 
current into R to set the hysteresis of the comparator; thus 
Vh = 2 X R x Ib- Varying \& will produce a Schmitt Trigger 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency-to- Voltage 
converter. Whenever A1 is toggled by a positive-going input, 
an amount of charge equal to (Vh-V|_) Ct is sourced into Cf 
and Rt. This once-per-cycle charge is then balanced by the 
current of Vo/Rt- The maximum f|N is limited by the amount 
of time required to charge C t from V[_ to Vh with a current of 
Ib, where V|_ and Vh represent the maximum low and maxi- 


mum high output voltage swing of the LM13600. D1 is add- 
ed to provide a discharge path for C t when A1 switches low. 
The Peak Detector of Figure 24 uses A2 to turn on A1 
whenever V|n becomes more positive than Vq. A1 then 
charges storage capacitor C to hold Vq equal to VinPK. 
One precaution to observe when using this circuit: the Dar- 
lington transistor used must be on the same side of the 
package as A2 since the A1 Darlington will be turned on and 
off with A1 . Pulling the output of A2 low through D1 serves 
to turn off A1 so that Vq remains constant. 
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Additional Applications (Continued) 

The Sample-Hold circuit of Figure 25 also requires that the 
Darlington buffer used be from the other (A2) half of the 
package and that the corresponding amplifier be biased on 
continuously. The Ramp-and-Hold of Figure 26 sources Ib 
into capacitor C whenever the input to A1 is brought high, 
giving a ramp-rate of about 1 V/ms for the component val- 
ues shown. 

The true-RMS converter of Figure 27 is essentially an auto- 
matic gain control amplifier which adjusts its gain such that 
the AC power at the output of amplifier A1 is constant. The 
output power of amplifier A1 is monitored by squaring ampli- 
fier A2 and the average compared to a reference voltage 
with amplifier A3. The output of A3 provides bias current to 
the diodes of A1 to attenuate the input signal. Because the 
output power of A1 is held constant, the RMS value is con- 
stant and the attentuation is directly proportional to the 
RMS value of the input voltage. The attenuation is also pro- 
portional to the diode bias current. Amplifier A4 adjusts the 
ratio of currents through the diodes to be equal and there- 
fore the voltage at the output of A4 is proportional to the 
RMS value of the input voltage. The calibration potentiome- 
ter is set such that Vq reads directly in RMS volts. 



FIGURE 25. Sample-Hold Circuit 


RAMP 
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Additional Applications (Continued) 

The circuit of Figure 28 is a voltage reference of variable 
temperature coefficient. The 100 kfl potentiometer adjusts 
the output voltage which has a positive TC above 1 .2 V, zero 
TC at about 1.2V and negative TC below 1.2V. This is ac- 
complished by balancing the TC of the A2 transfer function 
against the complementary TC of D1. 

The log amplifier of Figure 29 responds to the ratio of cur- 
rents through buffer transistors Q3 and Q4. Zero tempera- 
ture dependence for Vout is ensured because the TC of the 
A2 transfer function is equal and opposite to the TC of the 
logging transistors Q3 and Q4. 

The wide dynamic range of the LM13600 allows easy con- 
trol of the output pulse width in the Pulse Width Modulator 
of Figure 30. 

For generating Iabc over a range of 4 to 6 decades of cur- 
rent, the system of Figure 31 provides a logarithmic current 
out for a linear voltage in. 

Since the closed-loop configuration ensures that the input 
to A2 is held equal to 0V, the output current of A1 is equal to 

l 3 = — V C /R C - 

The differential voltage between Q1 and Q2 is attenuated 
by the R1, R2 network so that A1 may be assumed to be 


operating within its linear range. From equation (5), the input 
voltage to A1 is: 


V | N 1 = 


— 2kTI 3 

ql 2 


2kTV c 

ql 2 Rc 


The voltage on the base of Q1 is then 


V B 1 


(R1 + R2) Vin 1 

Ri 


The ratio of the Q1 and Q2 collector currents is defined by: 


V B 1 


= £ |n lC2 = !f| n !AiC 

q ici q ii 


Combining and solving for Iabc yields: 


Iabc = h exp 


2(Rl + R 2 ) V C 
R-|I 2 Rq 


This logarithmic current can be used to bias the circuit of 
Figure 4 provide a temperature independent stereo attenua- 
tion characteristic. 
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National 

Semiconductor 


LM 1 3700/ LM 1 3700A 

Dual Operational Transconductance Amplifiers 
with Linearizing Diodes and Buffers 


General Description 

The LM13700 series consists of two current controlled 
transconductance amplifiers, each with differential inputs 
and a push-pull output. The two amplifiers share common 
supplies but otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce distortion and 
allow higher input levels. The result is a 10 dB signal-to- 
noise improvement referenced to 0.5 percent THD. High im- 
pedance buffers are provided which are especially designed 
to complement the dynamic range of the amplifiers. The 
output buffers of the LM13700 differ from those of the 
LM13600 in that their input bias currents (and hence their 
output DC levels) are independent of Iabc- This may result 
in performance superior to that of the LM13600 in audio 
applications. 


Features 

■ g m adjustable over 6 decades 

■ Excellent g m linearity 

■ Excellent matching between amplifiers 

■ Linearizing diodes 

■ High impedance buffers 

■ High output signal-to-noise ratio 

■ Wide supply range ±2 V to ±22 V 

Applications 

■ Current-controlled amplifiers 

n Current-controlled impedances 
b Current-controlled filters 
B Current-controlled oscillators 
b Multiplexers 
b Timers 

a Sample-and-hold circuits 


Connection Diagram 


Dual In-Line and Small Outline Packages 


AMP 

BIAS DIODE INPUT INPUT BUFFER BUFFER 

INPUT BIAS (+) (-) OUTPUT V + | NPU T OUTPUT 



INPUT 

Top View 

Order Number LM13700M, LM13700N or LM13700AN 
See NS Package Number M16A or N16A 


TL/H/7981-2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Note 1) 

LM 13700 
LM13700A 

Power Dissipation (Note 2) Ta = 25°C 
LM13700N, LM13700AN 
Differential Input Voltage 
Diode Bias Current (Ip) 

Amplifier Bias Current (Iabc) 

Output Short Circuit Duration 
Buffer Output Current (Note 3) 


36 V DC or ± 18V 
44 V DC or ±22V 

570 mW 
±5V 
2 mA 
2 mA 
Continuous 
20 mA 


Operating Temperature Range 
LM13700N, LM13700AN 
DC Input Voltage 
Storage Temperature Range 
Soldering Information 
Dual-ln-Line Package 
Soldering (10 sec.) 

Small Outline Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 


0°C to +70°C 
+ Vs to — Vs 
— 65°C to + 1 50°C 

260°C 

215°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

LM 13700 

LM13700A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Vos) 



0.4 

4 


0.4 

1 



Over Specified Temperature Range 






2 

mV 


Iabc = 5 jj,a 


0.3 

4 


0.3 

1 


Vos Including Diodes 

Diode Bias Current (Iq) = 500 /n A 


0.5 

5 


0.5 

2 

mV 

Input Offset Change 

5 julA ^ Iabc ^ 500 jaA 


0.1 

3 


0.1 

1 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

julA 

Input Bias Current 

Over Specified Temperature Range 


0.4 

5 


0.4 

5 

julA 




1 

8 


1 

7 

Forward 


6700 

9600 

13000 

7700 

9600 

12000 

• 

jLtmho 

Transconductance (g m ) 

Over Specified Temperature Range 

5400 



4000 



g m Tracking 



0.3 



0.3 


dB 

Peak Output Current 

Rl = o, Iabc = 5 ^a 


5 


3 

5 

7 



Rl = o, Iabc = 500 juA 

350 

500 

650 

350 

500 

650 

jiA 


R[_ = 0, Over Specified Temp Range 

300 



300 




Peak Output Voltage 









Positive 

R|_ = °°,5 fxA <. Iabc ^ 500 ju,A 

+ 12 

+ 14.2 


+ 12 

+ 14.2 


V 

Negative 

Rl = °°, 5 fiA ^ Iabc ^ 500 jllA 

-12 

-14.4 


-12 

-14.4 


V 

Supply Current 

Iabc = 500 jaA, Both Channels 


2.6 



2.6 


mA 

Vqs Sensitivity 









Positive 

AV 0S /AV + 


20 

150 


20 

150 

jllV/V 

Negative 

AVqs/AV - 


20 

150 


20 

150 

juV/V 

CMRR 


80 

110 



110 


dB 

Common Mode Range 


±12 

+ 13.5 


±12 

±13.5 


V 

Crosstalk 

Referred to Input (Note 5) 

20 Hz < f < 20 kHz 


100 



100 


dB 

Differential Input Current 

! 

Iabc = 0, input = ±4V 


0.02 

100 


0.02 

10 

nA 

Leakage Current 

Iabc = 0 (Refer to Test Circuit) 


0.2 

100 


0.2 

5 

nA 

Input Resistance 


10 

26 


10 

26 


kn 
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Electrical Characteristics (Note 4) (continued) 



Note 1: For selections to a supply voltage above ±22V, contact factory. 

Note 2: For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance, junction to ambient, as follows: LM13700N, 90°C/W; LM13700M, 110°C/W. 

Note 3: Buffer output current should be limited so as to not exceed package dissipation. 

Note 4: These specifications apply for Vs = ± 1 5V, Ta = 25°C, amplifier bias current (Iabc) = 500 pA pins 2 and 1 5 open unless otherwise specified. The inputs 
to the buffers are grounded and outputs are open. 

Note 5: These specifications apply for Vs = ±15V, Iabc = 500 pA, R OUT = 5 kn connected from the buffer output to -Vs and the input of the buffer is 
connected to the transconductance amplifier output. 

Schematic Diagram 


One Operational Transconductance Amplifier 
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Typical Performance Characteristics (Continued) 


Distortion vs Differential 
Input Voltage 


Voltage vs Amplifier 
Bias Current 


Output Noise vs Frequency 




DIFFERENTIAL INPUT VOLTAGE (mVpp) 


i ABC AMPLIFIER BIAS CURRENT (/iA) 


1Q0 IK 10K TOOK 
FREQUENCY (Hz) 


TL/H/7981 -4 


Unity Gain Follower 



TL/H/7981 -5 


Leakage Current Test Circuit 

O +36 V 



T 

TL/H/7981 -6 


Differential Input Current Test Circuit 
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Circuit Description 

The differential transistor pair Q 4 and Q 5 form a transcon- 
ductance stage in that the ratio of their collector currents is 
defined by the differential input voltage according to the 
transfer function: 


V| N = ^ln^ (1) 

q l 4 

where V|n is the differential input voltage, kT/q is approxi- 
mately 26 mV at 25°C and I5 and I4 are the collector cur- 
rents of transistors Q 5 and Q 4 respectively. With the excep- 
tion of Q 3 and Q-J 3 , all transistors and diodes are identical in 
size. Transistors Q-j and Q 2 with Diode D-| form a current 
mirror which forces the sum of currents I4 and I5 to equal 
Iabc; 

14 + 15 = Ubc ( 2 ) 

where Iabc * s the amplifier bias current applied to the gain 
pin. 

For small differential input voltages the ratio of I4 and I5 
approaches unity and the Taylor series of the In function 
can be approximated as: 


kT l 5 kT l 5 - l 4 

— In — ~ ; — 

q l 4 q I4 


(3) 



~ Jabc 

I4 ~ I5 

2 

pABC q 

l=l 5 - 

l 2kT . 

I 5 


Collector currents I4 and I5 are not very useful by them- 
selves and it is necessary to subtract one current from the 
other. The remaining transistors and diodes form three cur- 
rent mirrors that produce an output current equal to I5 minus 
I4 thus: 


V| N 


l ABC q ~ 
. 2kT . 


= ! 0 UT 


(5) 


The term in brackets is then the transconductance of the 
amplifier and is proportional to Iabc- 


Linearizing Diodes 

For differential voltages greater than a few millivolts, Equa- 
tion 3 becomes less valid and the transconductance be- 
comes increasingly nonlinear. Figure 1 demonstrates how 
the internal diodes can linearize the transfer function of the 
amplifier. For convenience assume the diodes are biased 
with current sources and the input signal is in the form of 
current lg. Since the sum of I4 and I5 is Iabc and the differ- 
ence is Iout. currents I4 and I5 can be written as follows: 

. = Iabc _ ]oyj , = Iabc >out 

4 2 2 ’ 5 2 2 

Since the diodes and the input transistors have identical 
geometries and are subject to similar voltages and tempera- 
tures, the following is true: 

Id , !abc , Iout 

kT, 2 s kT , 2 2 

— In- = — In- 

q Jd _ - q Iabc _ Iqut 
2 s 22 

Iout = Is for l*sl < ^ ( 6 ) 

Notice that in deriving Equation 6 no approximations have 
been made and there are no temperature-dependent terms. 
The limitations are that the signal current not exceed lp/2 
and that the diodes be biased with currents. In practice, 
replacing the current sources with resistors will generate 
insignificant errors. 

Applications: 

Voltage Controlled Amplifiers 

Figure 2 shows how the linearizing diodes can be used in a 
voltage-controlled amplifier. To understand the input bias- 
ing, it is best to consider the 13 kn resistor as a current 
source and use a Thevenin equivalent circuit as shown in 
Figure 3. This circuit is similar to Figure 1 and operates the 
same. The potentiometer in Figure 2 is adjusted to minimize 
the effects of the control signal at the output. 




FIGURE 1. Linearizing Diodes 


TL/H/7981 -8 
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Applications: 

Voltage Controlled Amplifiers (Continued) 

For optimum signal-to-noise performance, Iabc should be 
as large as possible as shown by the Output Voltage vs. 
Amplifier Bias Current graph. Larger amplitudes of input sig- 
nal also improve the S/N ratio. The linearizing diodes help 
here by allowing larger input signals for the same output 
distortion as shown by the Distortion vs. Differential Input 
Voltage graph. S/N may be optimized by adjusting the mag- 
nitude of the input signal via R|n (Figure 2) until the output 


distortion is below some desired level. The output voltage 
swing can then be set at any level by selecting Rj_. 
Although the noise contribution of the linearizing diodes is 
negligible relative to the contribution of the amplifier’s inter- 
nal transistors, Id should be as large as possible. This mini- 
mizes the dynamic junction resistance of the diodes (r e ) and 
maximizes their linearizing action when balanced against 
Rin- A value of 1 mA is recommended for Ip unless the 
specific application demands otherwise. 



GAIN 

CONTROL 


FIGURE 2. Voltage Controlled Amplifier 



Rth> t's 


FIGURE 3. Equivalent VCA Input Circuit 
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Stereo Volume Control 


The circuit of Figure 4 uses the excellent matching of the 
two LM13700 amplifiers to provide a Stereo Volume Control 
with a typical channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset voltage and may be 
replaced with two 51 Oft resistors in AC-coupled applica- 
tions. For the component values given, amplifier gain is de- 
rived for Figure 2 as being: 


Vg = 
V, N 


940 X IabC 


If Vc is derived from a second signal source then the circuit 
becomes an amplitude modulator or two-quadrant multiplier 
as shown in Figure 5, where: 


■o = — Cabc) 
Id 


— 2I S V|N2 2I S (V~ + 1-4V) 

•d r c Id Rc 


The constant term in the above equation may be cancelled 
by feeding Is X IdRc/ 2(V~ + 1.4V) into lo- The circuit of 
Figure 6 adds Rm to provide this current, resulting in a four- 
quadrant multiplier where Rq is trimmed such that Vq = 0V 
for V|N2 = 0 V. Rm also serves as the load resistor for I q. 
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Stereo Volume Control (Continued) 



TL/H/7981 -13 


FIGURE 6. Four-Quadrant Multiplier 


Noting that the gain of the LM 13700 amplifier of Figure 3 
may be controlled by varying the linearizing diode current Iq 
as well as by varying I/\bc. Figure 7 shows an AGC Amplifier 
using this approach. As Vq reaches a high enough ampli- 
tude (3Vbe) to turn on the Darlington transistors and the 
linearizing diodes, the increase in Id reduces the amplifier 
gain so as to hold Vq at that level. 

Voltage Controlled Resistors 

An Operational Transconductance Amplifier (OTA) may be 
used to implement a Voltage Controlled Resistor as shown 
in Figure 8. A signal voltage applied at Rx generates a Vin 


R X = - 


to the LM13700 which is then multiplied by the g m of the 
amplifier to produce an output current, thus: 

R + Ra 
9m Ra 

where g m ~ 1 9.2Iabc at 25°C. Note that the attenuation of 
Vq by R and Ra is necessary to maintain Vin within the 
linear range of the LM13700 input. 

Figure 9 shows a similar VCR where the linearizing diodes 
are added, essentially improving the noise performance of 
the resistor. A floating VCR is shown in Figure 10, where 
each “end” of the “resistor” may be at any voltage within 
the output voltage range of the LM13700. 


30 K 
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Voltage Controlled Filters 

OTA’s are extremely useful for implementing voltage con- 
trolled filters, with the LM13700 having the advantage that 
the required buffers are included on the I.C. The VC Lo-Pass 
Filter of Figure 11 performs as a unity-gain buffer amplifier 
at frequencies below cut-off, with the cut-off frequency be- 
ing the point at which Xc/g m equals the closed-loop gain of 
(R/Ra). At frequencies above cut-off the circuit provides a 
single RC roll-off (6 dB per octave) of the input signal ampli- 
tude with a -3 dB point defined by the given equation, 
where g n is again 1 9.2 x Iabc at room temperature. Figure 


12 shows a VC High-Pass Filter which operates in much the 
same manner, providing a single RC roll-off below the de- 
fined cut-off frequency. 

Additional amplifiers may be used to implement higher order 
filters as demonstrated by the two-pole Butterworth Lo-Pass 
Filter of Figure 13 and the state variable filter of Figure 14. 
Due to the excellent g m tracking of the two amplifiers, these 
filters perform well over several decades of frequency. 


100 K 100 K 



30 K 



TL/H/7981 -18 

FIGURE 11. Voltage Controlled Low-Pass Filter 



3-741 


LM 1 3700/LM 1 3700 A 



LM 1 3700/LM 1 3700A 


Voltage Controlled Filters (continued) 

30 K 



. _ Ra 9m 
° (R + R a ) 2 ttC 

TL/H/7981-19 


15 K 
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Voltage Controlled Oscillators 

The classic Triangular/Square Wave VCO of Figure 15 is 
one of a variety of Voltage Controlled Oscillators which may 
be built utilizing the LM13700. With the component values 
shown, this oscillator provides signals from 200 kHz to be- 
low 2 Hz as lc is varied from 1 mA to 10 nA. The output 
amplitudes are set by Ia x Ra- Note that the peak differen- 
tial input voltage must be less than 5V to prevent zenering 
the inputs. 

A few modifications to this circuit produce the ramp/pulse 
VCO of Figure 16. When V 02 is high, Ip is added to lc to 


increase amplifier A1 ’s bias current and thus to increase the 
charging rate of capacitor C. When V 02 is low, Ip goes to 
zero and the capacitor discharge current is set by lc- 
The VC Lo-Pass Filter of Figure 1 1 may be used to produce 
a high-quality sinusoidal VCO. The circuit of Figure 16 em- 
ploys two LM 13700 packages, with three of the amplifiers 
configured as lo-pass filters and the fourth as a limiter/in- 
verter. The circuit oscillates at the frequency at which the 
loop phase-shift is 360° or 180° for the inverter and 60° per 
filter stage. This VCO operates from 5 Hz to 50 kHz with 
less than 1 % THD. 



FIGURE 15. Triangular/Square- Wave VCO 


TL/H/7981-22 


•c 'F 



TL/H/7981-23 

FIGURE 16. Ramp/Pulse VCO 
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Additional Applications (Continued) 

The operation of the multiplexer of Figure 20 is very straight- 
forward. When A1 is turned on it holds Vq equal to Vim and 
when A2 is supplied with bias current then it controls Vq. Cq 
and Rq serve to stabilize the unity-gain configuration of am- 
plifiers A1 and A2. The maximum clock rate is limited to 
about 200 kHz by the LM13700 slew rate into 150 pF when 
the (V|ni -V|N 2 ) differential is at its maximum allowable val- 
ue of 5V. 


The Phase-Locked Loop of Figure 21 uses the four-quad- 
rant multiplier of Figure 6 and the VCO of Figure 18 to pro- 
duce a PLL with a ±5% hold-in range and an input sensitivi- 
ty of about 300 mV. 



FIGURE 20. Multiplexer 

30 K 


Cc ~150pf 



10 K 

-12 V 


TL/H/7981-27 



Vo 

f C =1 KHz 

±5% 

HOLD IN 
RANGE 


TL/H/7981 -28 
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Additional Applications (Continued) 

The Schmitt Trigger of Figure 22 uses the amplifier output 
current into R to set the hysteresis of the comparator; thus 
V H = 2 x R x Ib- Varying Ib will produce a Schmitt Trigger 
with variable hysteresis. 

82 K 



Figure 23 shows a Tachometer or Frequency-to- Voltage 
converter. Whenever A1 is toggled by a positive-going input, 
an amount of charge equal to (Vh-Vl) Ct is sourced into Cf 
and Rt- This once per cycle charge is then balanced by the 
current of V<yRt- The maximum Fin is limited by the amount 
of time required to charge Ct from V|_ to Vh with a current of 
Ib, where Vl and Vh represent the maximum low and maxi- 
mum high output voltage swing of the LM13700. D1 is add- 
ed to provide a discharge path for Ct when A1 switches low. 
The Peak Detector of Figure 24 uses A2 to turn on A1 
whenever V|n becomes more positive than V<> A1 then 
charges storage capacitor C to hold Vq equal to V|n PK. 
Pulling the output of A2 low through D1 serves to turn off A1 
so that Vq remains constant. 




FIGURE 24. Peak Detector and Hold Circuit 
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Additional Applications (Continued) 

The Ramp-and-Hold of Figure 26 sources Ig into capacitor 
C whenever the input to A1 is brought high, giving a ramp- 
rate of about 1 V/ms for the component values shown. 

The true-RMS converter of Figure 27 is essentially an auto- 
matic gain control amplifier which adjusts its gain such that 
the AC power at the output of amplifier A1 is constant. The 
output power of amplifier A1 is monitored by squaring ampli- 
fier A2 and the average compared to a reference voltage 
with amplifier A3. The output of A3 provides bias current to 
the diodes of A1 to attenuate the input signal. Because the 
output power of A1 is held constant, the RMS value is con- 
stant and the attenuation is directly proportional to the RMS 
value of the input voltage. The attenuation is also propor- 
tional to the diode bias current. Amplifier A4 adjusts the ratio 
of currents through the diodes to be equal and therefore the 
voltage at the output of A4 is proportional to the RMS value 
of the input voltage. The calibration potentiometer is set 
such that Vo reads directly in RMS volts. 



RAMP 

UP 



TL/H/7981-33 
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Additional Applications (Continued) 



The circuit of Figure 28 is a voltage reference of variable 
Temperature Coefficient. The 100 kft potentiometer adjusts 
the output voltage which has a positive TC above 1 .2V, zero 
TC at about 1.2V, and negative TC below 1.2V. This is ac- 
complished by balancing the TC of the A2 transfer function 
against the complementary TC of D1 . 

The wide dynamic range of the LM13700 allows easy con- 
trol of the output pulse width in the Pulse Width Modulator 
of Figure 29. 

For generating Iabc over a range of 4 to 6 decades of cur- 
rent, the system of Figure 30 provides a logarithmic current 
out for a linear voltage in. 

Since the closed-loop configuration ensures that the input 
to A2 is held equal to 0V, the output current of A1 is equal to 
>3 = -V c /Rc- 

The differential voltage between Q1 and Q2 is attenuated 
by the R1 ,R2 network so that A1 may be assumed to be 


operating within its linear range. From equation (5), the input 
voltage to A1 is: 

_ — 2kTI 3 _ — 2kTV c 
IN q*2 q^Rc 

The voltage on the base of Q1 is then 
(R-i + R 2 ) VinI 

Rl 

The ratio of the Q1 and Q2 collector currents is defined by: 


V B 1 =■ 


V B 1 = — In : 

q >ci 


Eln^BC 

q ii 


Combining and solving for Iabc yields: 

. _ , 2 ( R 1 + r 2) Vc 

Iabc - H exp — - 

Ri >2 R c 

This logarithmic current can be used to bias the circuit of 
Figure 4 to provide temperature independent stereo attenu- 
ation characteristic. 
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Additional Applications (Continued) 
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Additional Applications (Continued) 


+15 V 



TL/H/7981-37 

FIGURE 30. Logarithmic Current Source 
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National 

Semiconductor 


PRELIMINARY 


LMC660AM /LMC660AI /LMC660C 
CMOS Quad Operational Amplifier 


General Description 

The LMC660 CMOS Quad operational amplifier is ideal for 
operation from a single supply. It is fully specified for opera- 
tion from +5V to +15V and features rail-to-rail output 
swing in addition to an input common-mode range that in- 
cludes ground. Performance limitations that have plagued 
CMOS amplifiers in the past are not a problem with this 
design. Input Vqs. drift, and broadband noise as well as 
voltage gain into realistic loads (2 kfi and 600H) are all 
equal to or better than widely accepted bipolar equivalents. 
This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LMC662 datasheet for a dual CMOS operational 
amplifier with these same features. 

Features 

m Rail-to-rail output swing 
b Specified for 2 kH and 60011 loads 
b High voltage gain 126 dB 

a Low input offset voltage 3 mV max 


a Low offset voltage drift 1.3 jutV/°C 

■ Ultra low input bias current 40 fA 

b Input common-mode includes GND 

B Operation guaranteed from + 5V to + 1 5V 

■ Iss = 375 /J-A/amplifier; independent of V + 

B Low distortion 0.01% at 10 kHz 

m Slew rate 1.1 V/jLts 

□ Insensitive to latch-up 

fl Symmetrical gain when sourcing and sinking current 

Applications 

b High-impedance buffer 
b Precision current-to-voltage converter 
E3 Long-term integrator 
si High-impedance preamplifier 
a Active filter 
b Sample-and-Hold circuit 
b Peak detector 


Connection Diagram 


14 13 12 11 10 9 8 



Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Military 

Industrial 

Commercial 

14-Pin 

Cavity DIP 

LMC660AMD 



D14E 

14-Pin 

Small Outline 


LMC660AIM 

LMC660CM 

M14A 

14-Pin 

Molded DIP 


LMC660AIN 

LMC660CN 

N14A 
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Absolute Maximum Ratings (Note 3) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Either Input beyond V + or V - 0.7V 

Supply Voltage 16V 

Output Short Circuit to GND (Note 1 ) Continuous 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Storage Temp. Range -65°C to + 1 50°C 


Junction Temperature (Note 2) 150°C 

ESD tolerance (Note 1 0) 500V 

Operating Conditions 

Temperature Range 

LMC660AM -55°C <: Tj <: + 125°C 

LMC660AI — 40°C £ Tj £ +85°C 

LMC660C 0°C ^ Tj ^ +70°C 

Supply Voltage Range 4.75V to 1 5.5V 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V - = 0V, Vqm = 1.5V, Vq = V+/2 and Rl > 1M unless otherwise specified. 





LMC660AM 

LMC660AI 

LMC660C 


Parameter 

Conditions 

Typ 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Units 

Input Offset Voltage 


1 

3 


3 

3.3 

6 

6.3 

mV 




3.5 






max 

Input Offset Voltage 
Average Drift 


1.3 







jllV/°C 

Input Bias Current 

(Note 9) 

0.04 

20 


20 

4 


2 

pA 




100 






max 

Input Offset Current 

(Note 9) 

0.01 

20 


20 

2 


1 

pA 




100 






max 

Input Resistance 


>1 







Terraft 

Common Mode 

0V ^ V C m ^ 12.0V 

83 

70 


70 

68 

63 

62 

dB 

Rejection Ratio 

V + = 15V 


68 






min 

Positive Power Supply 

5V ^ V + <; 15V 

83 

70 


70 

68 

63 

62 

dB 

Rejection Ratio 

V 0 = 2.5 V 


68 






min 

Negative Power Supply 

ov <; v“ ^ -lov 

94 

84 


84 

83 

74 

73 

dB 

Rejection Ratio 



82 






min 

Input Common-Mode 

V + = 5V&15V 

-0.4 

-0.1 


-0.1 

O 

-0.1 

O 

V 

Voltage Range 

For CMRR ;> 50 dB 


o 






max 



V + - 1.9 

CO 

c\i 

1 

+ 

> 


CO 

cvi 

1 

+ 

> 

V + - 2.5 

V + - 2.3 

V ' - 2.4 

V 




V + - 2.6 






min 

Large Signal 

R l = 2 kft (Note 6) 









Voltage Gain 

Sourcing 

2000 

400 


400 

440 

200 

300 

V/mV 




300 






min 


Sinking 

500 

180 


180 

120 

90 

80 

V/mV 




70 






min 


R L = 600ft (Note 6) 










Sourcing 

1000 

200 


200 

220 

100 

150 

V/mV 




150 






min 


Sinking 

250 

100 


100 

60 

50 

40 

V/mV 




35 






min 


3-752 




DC Electrical Characteristics (Continued) 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V - = OV, Vcm = 1.5V, Vq = V+/2 and R|_ > 1M unless otherwise specified. 





LMC660AM 

LMC660AI 

LMC660C 


Parameter 

Conditions 

Typ 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Units 

Output Swing 

V+ = 5V 

4.87 

4.82 


4.82 

4.79 

4.78 

4.76 

V 


R l = 2 kfl to V + /2 


4.77 






min 



0.10 

0.15 


0.15 

0.17 

0.19 

0.21 

V 




0.19 






max 


V+ = 5V 

4.61 

4.41 


4.41 

4.31 

4.27 

4.21 

V 


R l = 60011 to V+/2 


4.24 






min 



0.30 

0.50 


0.50 

0.56 

0.63 

0.69 

V 




0.63 






max 


V+ = 15V 

14.63 

14.50 


14.50 

14.44 

14.37 

14.32 

V 


R l = 2kfttoV+/2 


14.40 






min 



0.26 

0.35 


0.35 

0.40 

0.44 

0.48 

V 




0.43 






max 


V+ = 15V 

13.90 

13.35 


13.35 

13.15 

12.92 

12.76 

V 


R L = 600atoV+/2 


13.02 






min 



0.79 

1.16 


1.16 

1.32 

1.45 

1.58 

V 




1.42 






max 

Output Current 

Sourcing, Vq = 0V 


16 


16 

14 

13 

11 

mA 

V+ = 5V 



12 






min 


Sinking, Vq = 5V 

21 

16 


16 

14 

13 

11 

mA 




12 






min 

Output Current 

Sourcing, Vo = 0V 

40 

19 


28 

25 

23 

21 

mA 

V+ = 15V 



19 






min 


Sinking, Vq = 13V 

39 

19 


28 

24 

23 

20 

mA 




19 






min 

Supply Current 

All Four Amplifiers 

1.5 

2.2 


2.2 

2.6 

2.7 

2.9 

mA 


V 0 = 1.5V 


2.9 






min 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V~ = OV, Vqm = 1.5V, Vq = V + /2 and R|_ > 1M unless otherwise specified. 


Parameter 

Conditions 

Typ 

LMC660AM 

LMC660AI 

LMC660C 

Units 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Slew Rate 

(Note 7) 

1.1 

0.8 


0.8 

0.6 


0.7 

V/jLlS 

min 

0.5 






Gain-Bandwidth Product 


1.4 







MHz min 

Phase Margin 


50 







Deg 

Gain Margin 


17 







dB 

Amp-to-Amp Isolation 

(Note 8) 

130 







dB 

Input Referred Voltage Noise 

F = 1 kHz 

22 







nV/VFE 

Input Referred Current Noise 

F = 1 kHz 

0.0002 







pA/>/Hz 

Total Harmonic Distortion 

F = 10 kHz, A v = -10 
R l = 2 kft, V 0 = 8 Vpp 

0.01 







% 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 1 50°C. 

Note 2: The junction-to-ambient thermal resistance of the molded plastic DIP (N) is 75°C/W., the molded plastic SO (M) package is 105°C/W., and the cavity DIP 
(D) package is 92°C/W. All numbers apply for packages soldered directly into a PC board. 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: These limits are guaranteed and are used in calculating outgoing AQL. 

Note 5: These limits are guaranteed, but are not used in calculating outgoing AQL. 

Note 6: V + = 15V, Vqm = 7.5V and R[_ connected to 7.5V. For Sourcing tests, 7.5V £ Vo <■ 11.5V. For Sinking tests, 2.5V ^ Vo ^ 7.5V. 

Note 7: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 8: Input referred. V + = 15V and R|_ = 10 kft connected to V + /2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 9: The specifications in the Design Limit column reflect the true performance of the part, while those in the Tested Limit column are degraded to allow for the 
unavoidable inaccuracies involved in cost-effective high-speed automatic testing. 

Note 10: Human body model, 1.5 kft in series with 100 pF. 
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Typical Performance Characteristics v s = ±7.sv,t a 


Supply Current 



0 A 8 12 16 20 

TOTAL SUPPLY VOLTAGE (VDC) 


Offset Voltage 



-50 0 50 100 150 


TEMPERATURE (°C) 


= 25°C unless otherwise specified 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Output Characteristics 
Current Sinking 



Output Characteristics 
Current Sourcing 



Input Voltage Noise 



10 100 Ik 10k 


OUTPUT SINK CURRENT (mA) 


OUTPUT SOURCE CURRENT (mA) 


FREQUENCY (Hz) 



100 Ik 10k 100k 1M 


Open-Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Frequency Response 
vs Capacitive Load 



Non-Inverting Large Signal 
Pulse Response 



Stability vs 
Capacitive Load 



SINKING SOURCING 

LOAD CURRENT (mA) 


Note: Avoid resistive loads of less than 500ft, as they may cause instability. 


Stability vs 
Capacitive Load 



SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/8767-3 
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Applications Hint 

Amplifier Topolgy 

The topology chosen for the LMC660 is unconventional 
(compared to general-purpose op amps) in that the tradi- 
tional unity-gain buffer output stage is not used; instead, the 
output is taken directly from the output of the integrator, to 
allow rail-to-rail output swing. Since the buffer traditionally 
delivers the power to the load, while maintaining high op 
amp gain and stability, and must withstand shorts to either 
rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 


LMC660 Circuit Topology (Each Amplifier) 



The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, even with a 600H load. The 
gain while sinking is higher than most CMOS op amps, due 
to the additional gain stage; however, under heavy load 
(6000) the gain will be reduced as indicated in the Electrical 
Characteristics. 

Compensating input Capacitance 

The high input resistance of the LMC660 op amps allows 
the use of large feedback and source resistor values without 
losing gain accuracy due to loading. However, the circuit will 
be especially sensitive to its layout when these large-value 
resistors are used. 

Every amplifier has some capacitance between each input 
and AC ground, and also some differential capacitance be- 
tween the inputs. When the feedback network around an 
amplifier is resistive, this input capacitance (along with any 
additional capacitance due to circuit board traces, the sock- 
et, etc.) and the feedback resistors create a pole in the 
feedback path. In the following General Operational Amplifi- 
er circuit, the frequency of this pole is 


27tCs Rp 

where C§ is the total capacitance at the inverting input, in- 
cluding amplifier input capcitance and any stray capacitance 
from the 1C socket (if one is used), circuit board traces, etc., 
and Rp is the parallel combination of Rf and Rin- This for- 
mula, as well as all formulae derived below, apply to invert- 
ing and non-inverting op-amp configurations. 

When the feedback resistors are smaller than a few kO, the 
frequency of the feedback pole will be quite high, since Cs 


is generally less than 10 pF. If the frequency of the feed- 
back pole is much higher than the “ideal” closed-loop band- 
width (the nominal closed-loop bandwidth in the absence of 
Cs), the pole will have a negligible effect on stability, as it 
will add only a small amount of phase shift. 

However, if the feedback pole is less than approximately 6 
to 10 times the “ideal” -3 dB frequency, a feedback ca- 
pacitor, Cp, should be connected between the output and 
the inverting input of the op amp. This condition can also be 
stated in terms of the amplifier’s low-frequency noise gain: 
To maintain stability a feedback capacitor will probably be 
needed if 


(— + 1) £ V6 X 2tt X 6BW X R f X C s 

Rin 

where ( — + 1 ) is the amplifier’s low-frequency noise 
\R|N / 

gain and GBW is the amplifier’s gain bandwidth product. An 
amplifier’s low-frequency noise gain is represented by the 

formula f + 1 ) regardless of whether the amplifier is 
\Rin / 

being used in inverting or non-inverting mode. Note that a 
feedback capacitor is more likely to be needed when the 
noise gain is low and/or the feedback resistor is large. 

If the above condition is met (indicating a feedback capaci- 
tor will probably be needed), and the noise gain is large 
enough that: 

(-5^+ 1 ) ^ 2VGBW X R F X C s , 

\R|N / 

the following value of feedback capacitor is recommended: 



If 


+1 ) < 2VGBW XR F XC S 
\R|N / 

the feedback capacitor should be: 



Cs 

GBW X R f 


Note that these capacitor values are usually significant 
smaller than those given by the older, more conservative 
formula: 


C F — 


CsRin 

Rf 


General Operational Amplifier Circuit 



TL/H/8767-6 

Cs consists of the amplifier’s input capacitance plus any stray capacitance 
from the circuit board and socket. Cp compensates for the pole caused by 
Cs and the feedback resistors. 
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Applications Hint (Continued) 

Using the smaller capacitors will give much higher band- 
width with little degradation of transient response. It may be 
necessary in any of the above cases to use a somewhat 
larger feedback capacitor to allow for unexpected stray ca- 
pacitance, or to tolerate additional phase shifts in the loop, 
or excessive capacitive load, or to decrease the noise or 
bandwidth, or simply because the particular circuit imple- 
mentation needs more feedback capacitance to be suffi- 
ciently stable. For example, a printed circuit board’s stray 
capacitance may be larger or smaller than the bread- 
board’s, so the actual optimum value for Cp may be different 
from the one estimated using the breadboard. In most cas- 
es, the values of Cp should be checked on the actual circuit, 
starting with the computed value. 

Input Overdrive 

Input overdrive protection has been built into the LMC660, 
so that no latching, “output phase changes”, or activation 
of parasitic junctions occurs when the inputs are taken out- 
side the power supply rails. In addition, this protection inhib- 
its ESD damage whether or not the device is powered up, 
and even if the power supply pins are floating. The protec- 
tion consists of 20017 series input resistors and diodes con- 
nected from each input to each power supply rail. 

If the input to the LMC660 is set above the LMC660’s input 
common-mode range, the LMC660’s output will go to the 
positive supply rail. This output will stay at the positive sup- 
ply rail until the input voltage is dropped back into the input 
common-mode range. 

Capacitive Load Tolerance 

Like many other op amps, the LMC660 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
The addition of a small resistor (5017 to 10017) in series with 
the op amp’s output, and a capacitor (5 pF to 10 pF) from 
inverting input to output pins, returns the phase margin to a 
safe value without interfering with lower-frequency circuit 
operation. Thus larger values of capacitance can be tolerat- 
ed without oscillation. Note that in all cases, the output will 
ring heavily when the load capacitance is near the threshold 
for oscillation. 

Rx, Cx Improve Capacitive Load Tolerance 


Typical Single-Supply 
Applications <v+ = 5.0 vdc> 

Additional single-supply applications ideas can be found in 
the LM324 datasheet. The LMC660 is pin-for-pin compatible 
with the LM324 and offers greater bandwidth and input re- 
sistance over the LM324. These features will improve the 
performance of many existing single-supply applications. 
Note, however, that the supply voltage range of the 
LMC660 is smaller than that of the LM324. 


Low-Leakage Sample-and-Hold 



Instrumentation Amplifier 



V 0U T R2 + 2R1 R4 if ^ 

Vin R2 R3 an d r 4 = r 7 . 

= 1 00 for circuit as shown. 

All resistors should be at least 1 % tolerance. Matching of 
R1 to R5, R3 to R6, and R4 to R7 affect CMRR. Gain may 
be adjusted through R2. CMRR may be adjusted through 
R7. 
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National 

Semiconductor 


LMC662AM/LMC662AI/LMC662C 
CMOS Dual Operational Amplifier 


General Description 

The LMC662 CMOS Dual operational amplifier is ideal for 
operation from a single supply. It is fully specified for opera- 
tion from +5V to +15V and features rail-to-rail output 
swing in addition to an input common-mode range that in- 
cludes ground. Performance limitations that have plagued 
CMOS amplifiers in the past are not a problem with this 
design. Input Vqs. drift, and broadband noise as well as 
voltage gain into realistic loads (2 kft and 600H) are all 
equal to or better than widely accepted bipolar equivalents. 
This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LMC660 datasheet for a Quad CMOS operational 
amplifier with these same features. 

Features 

n Rail-to-rail output swing 
n Specified for 2 k Ct and 6000 loads 
n High voltage gain 
■ Low input offset voltage 


■ Low offset voltage drift 1 .3 juV/°C 

■ Ultra low input bias current 40 fA 

■ Input common-mode includes GND 

■ Operation guaranteed from + 5V to + 1 5V 

■ Iss = 400 /xA/amplifier; independent of V + 

■ Low distortion 0.01% at 10 kHz 

■ Slew rate 1.1 V/jns 

■ Insensitive to latch-up 

■ Symmetrical gain when sourcing and sinking current 

Applications 

■ High-impedance buffer 

■ Precision current-to-voltage converter 
b Long-term integrator 

a High-impedance preamplifier 
b Active filter 
b Sample-and-hold circuit 
b Peak detector 


126 dB 
3 mV max 


Connection Diagram 



TL/H/9763-1 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Military 

Industrial 

Commercial 

8-Pin 

Cavity DIP 

LMC662AMD 

LMC662AID 


D08C 

8-Pin 

Small Outline 


LMC662AIM 

LMC662CM 

M08A 

8-Pin 

Molded DIP 


LMC662AIN 

LMC662CN 

N08E 
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Absolute Maximum Ratings (Note 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Either Input beyond V + or V - 0.7V 

Supply Voltage (V + - V - ) 16V 

Output Short Circuit to GND (Note 1 ) Continuous 

Lead Temperature (Soldering, 10 sec.) 260°C 


Storage Temp. Range - 65°C to + 1 50°C 

Junction Temperature (Note 2) 150°C 

ESD T olerance (Note 1 0) 500V 

Operating Conditions 

Temperature Range 

LMC662AM - 55°C ^ Tj ^ + 1 25°C 

LMC662AI — 40°C <; Tj <; +85°C 

LMC662C 0°C ^ Tj <: +70°C 

Supply Voltage Range 4.75V to 1 5.5V 


DC Electrical Characteristics 

unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V + = 5V, V - = 0V, V CM = 1.5V, V 0 = V + /2 and R L > 1M unless otherwise specified. 





LMC662AM 

LMC662AI 

LMC662C 


Parameter 

Conditions 

Typ 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Units 

Input Offset Voltage 


1 

3 


3 

3.3 

6 

6.3 

mV 




3.5 






max 

Input Offset Voltage 
Average Drift 


1.3 







ju,V/°C 

Input Bias Current 

(Note 9) 

0.04 

20 


20 

4 


2 

pA 



! 

100 






max 

Input Offset Current 

(Note 9) 

0.01 

20 


20 

2 


1 

pA 




100 






max 

Input Resistance 


>1 







Teraft 

Common Mode 

0V <; V C m ^ 12.0V 

83 

70 


70 

68 

63 

62 

dB 

Rejection Ratio 

V + = 15V 


1 

68 






min 

L 

Positive Power Supply 

5V <; v + <; 15V 

83 

70 


70 

68 

63 

62 

dB 

Rejection Ratio 

Vo = 2.5 V 


68 






min 

Negative Power Supply 

ov v _ <; -lov 

94 

84 


84 

83 

74 

73 

dB 

Rejection Ratio 



82 






min 

Input Common-Mode 

V + = 5V&15V 

-0.4 

-0.1 


-0.1 

0 

-0.1 

O 

V 

Voltage Range 

For CMRR ^ 50 dB 


0 






max 



< 

+ 

1 

CD 

CO 

c\i 

1 

+ 

> 


V + - 2.3 

V + - 2.5 

V + - 2.3 

V + - 2.4 

V 




V + - 2.6 






min 

Large Signal 

R l = 2 kft (Note 6) 









Voltage Gain 

Sourcing 

2000 

400 


400 

440 

200 

300 

V/mV 




300 






min 


Sinking 

500 

180 


180 

120 

90 

80 

V/mV 




70 






min 


R L = 600ft (Note 6) 










Sourcing 

1000 

200 


200 

220 

100 

150 

V/mV 




150 






min 


Sinking 

250 

100 


100 

60 

50 

40 

V/mV 




35 






min 
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AC Electrical Characteristics 

unless otherwise specified, all limits guaranteed for Ta - Tj = 25°C. Boldface limits apply at the temperature extremes. 
V + = 5V, V~ = OV, Vqm = 1.5V, Vq = V + /2 and R|_ > 1M unless otherwise specified. 


Parameter 



LMC662AM 

LMC662AI 

LMC662C 

Units 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Slew Rate 

(Note 7) 

B 

0.8 


0.8 


0.8 

0.7 

V/jLLS 

min 

MTU 






Gain-Bandwidth Product 


1.4 







MHz 

Phase Margin 


50 







Deg 

Gain Margin 


17 







dB 

Amp-to-Amp Isolation 

(Note 8) 

130 







dB 

Input Referred Voltage Noise 

F = 1 kHz 

22 







nV/i/Hi 

Input Referred Current Noise 

F = 1 kHz 

0.0002 


i 





pA/>/Hz 

Total Harmonic Distortion 

F = 10 kHz, A v = -10 
R L = 2 kH, V 0 = 8 Vpp 

0.01 

i 

1 





% 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 1 50°C. 

Note 2: The junction-to-ambient thermal resistance of the molded plastic DIP (N) is 101°C/W, the molded plastic SO (M) package is 152°C/W, and the cavity DIP 
(D) package is 124°C/W. All numbers apply for packages soldered directly into a PC board. 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Conditions indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: These limits are guaranteed and are used in calculating outgoing AQL. 

Note 5: These limits are guaranteed, but are not used in calculating outgoing AQL. 

Note 6: V + = 15V, Vqm = 7.5V and Rl connected to 7.5V. For Sourcing tests, 7.5V <. Vo <■ 11.5V. For Sinking tests, 2.5V ^ Vq ^ 7.5V. 

Note 7: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 8: Input referred. V + = 15V and R|_ = 10 kQ connected to V + /2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 9: The specifications in the Design Limit column reflect the true performance of the part, while those in the Tested Limit column are degraded to allow for the 
unavoidable inaccuracies involved in cost-effective high-speed automatic testing. 

Note 10: Human body model, 1.5 kfl in series with 100 pF. 
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Typical Performance Characteristics Vs = + 7.5V, T/\ = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 



0 4 8 12 16 

TOTAL SUPPLY VOLTAGE (V DC) 


Offset Voltage 



-50 0 50 100 150 

TEMPERATURE (°C) 


Input Bias Current 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Output Characteristics 
Current Sinking 



0.001 0.01 0.1 1 10 100 


Output Characteristics 
Current Sourcing 



Input Voltage Noise 



10 100 Ik 10k 


OUTPUT SINK CURRENT (mA) 


OUTPUT SOURCE CURRENT (mA) 


FREQUENCY (Hz) 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Open-Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Frequency Response vs 
Capacitive Load 



Non-Inverting Large Signal 
Pulse Response 



Stability vs 
Capacitive Load 
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Note: Avoid resistive loads of less than 500ft, as Note: Avoid resistive loads of less than 500ft, as 
they may cause instability. they may cause instability. 
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LMC662AM/LMC662AI/LMC662C 


Application Hints 

AMPLIFIER TOPOLOGY 

The topology chosen for the LMC662 is unconventional 
(compared to general-purpose op amps) in that the tradi- 
tional unity-gain buffer output stage is not used; instead, the 
output is taken directly from the output of the integrator, to 
allow rail-to-rail output swing. Since the buffer traditionally 
delivers the power to the load, while maintaining high op 
amp gain and stability, and must withstand shorts to either 
rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 


LMC662 Circuit Topology (Each Amplifier) 



The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, even with a 600fl load. The 
gain while sinking is higher than most CMOS op amps, due 
to the additional gain stage; however, under heavy load 
(600n) the gain will be reduced as indicated in the Electrical 
Characteristics. 

COMPENSATING INPUT CAPACITANCE 

The high input resistance of the LMC662 op amps allows 
the use of large feedback and source resistor values without 
losing gain accuracy due to loading. However, the circuit will 
be especially sensitive to its layout when these large-value 
resistors are used. 

Every amplifier has some capacitance between each input 
and AC ground, and also some differential capacitance be- 
tween the inputs. When the feedback network around an 
amplifier is resistive, this input capacitance (along with any 
additional capacitance due to circuit board traces, the sock- 
et, etc.) and the feedback resistors create a pole in the 
feedback path. In the following General Operational Amplifi- 
er Circuit, the frequency of this pole is 

fp ~ 27 tC s Rp 

where C$ is the total capacitance at the inverting input, in- 
cluding amplifier input capacitance and any stray capaci- 


tance from the 1C socket (if one is used), circuit board 
traces, etc., and Rp is the parallel combination of Rp and 
Rin- This formula, as well as all formulae derived below, 
apply to inverting and non-inverting op-amp configurations. 
When the feedback resistors are smaller than a few kfl, the 
frequency of the feedback pole will be quite high, since Cs 
is generally less than 10 pF. If the frequency of the feed- 
back pole is much higher than the “ideal” closed-loop band- 
width (the nominal closed-loop bandwidth in the absence of 
Cs), the pole will have a negligible effect on stability, as it 
will add only a small amount of phase shift. 

However, if the feedback pole is less than approximately 6 
to 10 times the “ideal” -3 dB frequency, a feedback ca- 
pacitor, Cp, should be connected between the output and 
the inverting input of the op amp. This condition can also be 
stated in terms of the amplifier’s low-frequency noise gain: 
To maintain stability, a feedback capacitor will probably be 
needed if 

( — + 1 ] <; V6 X 2tt X GBW XRpXC s 

VH|N / 

where 



is the amplifier’s low-frequency noise gain and GBW is the 
amplifier’s gain bandwidth product. An amplifier’s low-fre- 
quency noise gain is represented by the formula 



regardless of whether the amplifier is being used in an in- 
verting or non-inverting mode. Note that a feedback capaci- 
tor is more likely to be needed when the noise gain is low 
and/or the feedback resistor is large. 


If the above condition is met (indicating a feedback capaci- 
tor will probably be needed), and the noise gain is large 
enough that: 

+ 1 ) £ 2VGBW X R f X C s , 

\R|N / 

the following value of feedback capacitor is recommended: 


C F = 


2 


Cs 


/Rp 

^Rin 


+ 1 


) 


If 


f + 1 ) < 2VGBW X Rp X C s , 
VR|N / 

the feedback capacitor should be: 


C F 


4 


Cs 


GBW X Rp 


Note that these capacitor values are usually significantly 
smaller than those given by the older, more conservative 
formula: 


C F = 


Cs Rin 
R f 
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Application Hints (Continued) 

General Operational Amplifier Circuit 



TL/H/9763-6 

Cs consists of the amplifier’s input capacitance plus any stray capacitance 
from the circuit board and socket. Cp compensates for the pole caused by 
Cs and the feedback resistor. 

Using the smaller capacitors will give much higher band- 
width with little degradation of transient response. It may be 
necessary in any of the above cases to use a somewhat 
larger feedback capacitor to allow for unexpected stray ca- 
pacitance, or to tolerate additional phase shifts in the loop, 
or excessive capacitive load, or to decrease the noise or 
bandwidth, or simply because the particular circuit imple- 
mentation needs more feedback capacitance to be suffi- 
ciently stable. For example, a printed circuit board’s stray 
capacitance may be larger or smaller than the bread- 
board’s, so the actual optimum value for Cp may be different 
from the one estimated using the breadboard. In most cas- 
es, the value of Cp should be checked on the actual circuit, 
starting with the computed value. 

INPUT OVERDRIVE 

Input overdrive protection has been built into the LMC662, 
so that no latching, “output phase changes”, or activation 
of parasitic junctions occurs when the inputs are taken out- 
side the power supply rails. In addition, this protection inhib- 
its ESD damage whether or not the device is powered up, 
and even if the power supply pins are floating. The protec- 
tion consists of 200ft series input resistors and diodes con- 
nected from each input to each power supply rail. 

If the input to the LMC662 is set above the LMC662’s input 
common-mode range, the LMC662’s output will go to the 
positive supply rail. This output will stay at the positive sup- 
ply rail until the input voltage is dropped back into the input 
common-mode range. 

CAPACITIVE LOAD TOLERANCE 

Like many other op amps, the LMC662 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics. 


The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
The addition of a small resistor (50ft to 100ft) in series with 
the op amp’s output, and a capacitor (5 pF to 10 pF) from 
inverting input to output pins, returns the phase margin to a 
safe value without interfering with lower-frequency circuit 
operation. Thus, larger values of capacitance can be tolerat- 
ed without oscillation. Note that in all cases, the output will 
ring heavily when the load capacitance is near the threshold 
for oscillation. 


Rx, Cx Improve Capacitive Load Tolerance 



Typical Single-Supply Applications 

(V + = 5.0 V DC ) 

Additional single-supply applications ideas can be found in 
the LM358 datasheet. The LMC662 is pin-for-pin compatible 
with the LM358 and offers greater bandwidth and input re- 
sistance over the LM358. These features will improve the 
performance of many existing single-supply applications. 
Note, however, that the supply voltage range of the LM662 
is smaller than that of the LM358. 


Low-Leakage Sample-and-Hold 
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Typical Single-Supply Applications tv+ = 5.0 v DC ) (continued) 


Instrumentation Amplifier 



V 0 UT R2 + 2R1 R4 ,T " ' 

= — X — R3 = R6, 

V IN R2 R3 and R4 = R7. 

= 100 for circuit shown. 

All resistors should be at least 1 % tolerance. Matching of 
R1 to R5, R3 to R6, and R4 to R7 affects CMRR. Gain may 
be adjusted through R2. CMRR may be adjusted through 
R7. 


Sine-Wave Oscillator 



Oscillator frequency is determined by R1, R2, Cl, and C2: 

fosc == 1 /2 ttRC 

where R = R1 = R2 and C = Cl = C2. 


1 Hz Square-Wave Oscillator 
R4 



Power Amplifier 
R4 



This circuit, as shown, oscillates at 2.0 kHz with a peak-to- 
peak output swing of 4.5V 
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Typical Single-Supply Applications <v + = 5.0 v DC ) (Continued) 

10 Hz Bandpass Filter 10 Hz High-Pass Filter (2 dB Dip) 




Gain = -8.8 TL/H/9763-11 


1 Hz Low-Pass Filter (Maximally Flat, Dual Supply Only) 


R1 R4 



High Gain Amplifier with Offset Voltage Reduction 

R3 



Output offset voltage reduced to the 
level of the input offset voltage of 
the bottom amplifier (typically 1 mV). 
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LMC669 


National 
Semiconductor 

LMC669 Auto-Zero 

General Description 

The LMC669 uses sampled-data techniques to reduce the 
input offset voltage (Vos) of an amplifier or system to ap- 
proximately 5 jiiV. A four-stage comparator samples the 
summing node of an inverting-amplifier and generates a cor- 
rection voltage that is applied to the amplifier’s non-invert- 
ing input. The offset correction is independent of time, tem- 
perature, and supply voltage, and requires no initial or peri- 
odic user offset adjustments. 

The user may also adjust clock frequency, sample rate, and 
the correction voltage’s step size and magnitude. 

The Auto-Zero operates on supply voltages of ±8V to 
± 20V with a quiescent current of 3 mA. 


Typical Application 


The use of the LMC669 does not limit the performance of 
the amplifier it is used with. Full use of the gain-bandwidth 
product, slew rate, and DC gain is retained. 

The LMC669 can be used as a precision comparator with a 
latched, open drain output, or as a low-offset inverting oper- 
ational amplifier for low-speed applications. 

Features 

■ 5 microvolts typical offset voltage 
b Temperature independent offset correction 
b Internal or external clocking 
a Automatic and continuous offset voltage correction 
a High voltage CMOS — up to ±20V supplies 



KD 


20(16) 


2 ( 2 ) 


IN 1 


CAP 

IN 2 

LMC669 

OUTPUT 

IN REF 


OUT REF 


7(6) 


8(7) 


6(5) 



Numbers in ( ) are for 16-pin packages 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Positive Supply Voltage (V+ ) + 22 V 

Negative Supply Voltage (V~) -22V 

Voltage of Logic Pins 

T1,T2, RESET, CLK -0.2V to (V+ 4- 0.2V) 

Voltage at Inputs - 0.2 V to (V+ + 0.2 V) 

Input Current (Note 3) 

INREF, INI and IN2 20 mA 


Power Dissipation (Note 4) 500 mW 

Storage T emperature - 65°C to + 1 50°C 

Lead T emp. (soldering, 1 0 seconds) 300°C 

Operating Ranges (Notes 1 & 2) 

Temperature Range T^in^ t a ^ T MAX 

LMC669D — 40°C ^ T A ^ + 85°C 

Positive Supply Voltage + 8V to + 20V 

Negative Supply Voltage - 8V to - 20V 

INREF, INI and IN2 Voltage (Note 5) -200 mV to +2V 

ESD Susceptability (Note 1 0) 600V 


Electrical Characteristics The following specifications apply for V+ = +15V, and V - = - 15V unless 
otherwise specified. Boldface limits apply for Tmin to T M ax5 all other limits T A = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Vos 

Maximum Input 
Offset Voltage 
(Note 9) 

LMC669BIN, BIM 
LMC669BCN, BCM 

Signal applied to both 

INI &IN2,T C lk = 

50 [as, Vinref = 

0V, 0.5V 

±5 

±25 

±25 


i*v 

LMC669CIN, CIM 
LMC669CCN, CCM 

±10 

±50 

±50 


LMC669CD 

±5 

±25 


Vos 

Maximum Input 
Offset Voltage 
(Note 9) 

LMC669BIN, BIM 
LMC669BCN, BCM 

Signal applied only to 

INI or IN2, T C lk = 

50 [is, V| NREF = 0V 

±10 

±50 

±50 


MV 

LMC669CIN, CIM 
LMC669CCN, CCM 

±20 

±100 

±100 


LMC669CD 

±10 

±50 


lb 

Maximum Input 

Bias Current 

IN2 

Clock Off 

1 

100 


pA 

400 



pA 

INI or INI &IN2 

5 

100 


pA 

40 


75 

nA 

A Vos 

AT 

Average Input Offset Drift 


0.1 



jllV/°C 

V|N1. V|N2 

INI & IN2 Input Voltage 

Range (Note 5) 

min 


-200 

0 


mV 

max 

+ 2.0 

+ 0.5 


V 

V|NREF 

IN REF Input Voltage 

Range (Note 5) 

min 


-200 

0 


mV 

max 


+ 2.0 

+ 0.5 


V 

VOUT REF 

OUT REF Input Voltage 

Range 

min 


-100 



mV 

max 

+ 100 



mV 

PSRR 

Power Supply Rejection Ratio 


120 



dB 

VoUT 

Integrator Output Voltage Range 


±14 

±12 

±11 

V 

Vco 

Comparator Open-Drain 

Output Voltage Range 

Low (max) 

Sink Current = 1.0 mA 

0.25 

0.4 


V 

High (min) 


25 

20 

19 

is + 

Maximum Positive Supply Current 

RESET Low, 

Tclk = 50 [is 

3.2 

6.0 


mA 


10.0 
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Electrical Characteristics The following specifications apply for V+ = +15V, and V - = — 15V unless 
otherwise specified. Boldface limits apply for Tmin to Tmax; all other limits Ta = Tj = 25°C. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Is- 

Maximum Negative 

Supply Current 

RESET Low, 

Tclk = 50 p,S 

2.0 

5.0 


mA 


7.0 


fs 

Maximum Sample Rate 

RESET Low, Internal Clock 

100 

66.6 

56 

kHz 

f CLK 

Clock Frequency Range 

min 


100 


100 

Hz 

max 

100 


ioo 

kHz 

Tr 

Minimum RESET Pulse Width 


80 

150 

175 

ns 

v T h 

Digital Input 

Threshold 

Voltage 

T1,T2, 

High (min) 


2.9 

3.5 


V 

RESET 

Low (max) 


2.9 

1.5 


V 

CLK 

High (min) 


3.5 

4.0 


V 

Low (max) 


1.5 

1.0 


V 

■din 

T1, T2, RESET, &CLK 

Maximum Digital 

Input Current 

High 


1.0 



pA 


1.0 


jaA 

Low 


1.0 



PA 


1.0 


jliA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are with respect to AGND. 

Note 3: This input current will exist only when an input is driven to a voltage greater than (V+ + 0.2V) or less than -0.2V. It is due to internal diode clamps at the 
inputs turning on. If the current is limited to 20 mA, the overdrive will not be harmful to the LMC669. 

Note 4: The typical junction-to-ambient thermal resistance (Oja) of the 16 pin J package is 80°C/W. 

Note 5: If input currents are limited, input voltages may be driven beyond these limits and the device will still be functional. The comparator output will be correct as 
long as the voltage on either the INREF pin or the two input INI & IN2 pins is between -200 mV and +2V. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Guaranteed and 1 00% tested. 

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: The LMC669CD exhibits a warm-up drift of approximately 3 juV to 5 ju,V in the negative direction. There are two factors that work together to cause this. 
Firstly, as the die becomes warm, a temperature gradient forms between pin 2 and pins 1 and 16. Secondly, a thermocouple is created between the metal of the 
leadframe and the metal of the wire (usually copper) used to connect the 1C to a circuit. It takes about 6 minutes for the drift to stabilize. The N and M packages do 
not exhibit this drift because their leadframes are 90% copper. 

Note 10: Human body model, 100 pF discharged through 1.5 kn. 
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CURRENT (pA) VOLTAGE (V) CURRENT (mA) 


Typical Performance Characteristics 


Positive Supply Current 
vs Temperature 
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Clock Frequency vs 
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LMC669 


Connection Diagram 

16-Pin Dual-In-Line Package 


— c 

1 

IT 

16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8 

9 


INREF [ 
AGNDl 
COMPOUTI 
OUTREFl 
CAP! 
OUTPUT [ 
VI 


Top View 

Order Number LMC669D 
See NS Package Number D16C 


20-Pin Dual-In-Line (N) Package 
20-Pin Small-Outline (M) Package 


INREFC 2 
AGNDC 3 
N.C.*C 4 
COMPOUTC 5 
OUTREFC 6 
CAPE 7 
OUTPUT C 8 


^ 

i 

7 

20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


TIE TOGETHER* 


Top View 

’These pins must be connected as shown to 
ensure compatibility with future parts. 


Pin Description LMC669 Numbers in ( ) are for 1 6-pin package 
Pin Description Pin 

INI , IN2 These are the inputs to the Auto Zero’s INREF 

1 , 20 comparator. They should be tied together 2 

(1,16) and connected to the summing node of the (2) 

host operational amplifier (op amp). One set 
of inputs, either INI and IN2 or INREF, must 
be between + 2 volts and ground while the 
other can go to V + (also refer to notes 3 
and 5). 


Description 

This is the input for the comparator’s 
reference voltage. Correction of V os is 
accomplished by connecting this pin to a 
good clean system ground of its own. One 
set of inputs, either INI and IN2 or INREF, 
must be between + 2 volts and ground while 
the other can go to V + (also refer to notes 3 
and 5). 
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Pin Description 16-pinLMC669 (Continued) 


AGND 

3,19 

(3,15) 


DGND 

18 

(14) 


COMPOUT 

5 

(4) 


OUTREF 

6 

(5) 


OUTPUT 

8 

(7) 

CAP 

7 

( 6 ) 

CLK 

12 

(9) 


RESET 

13 

(10) 


4 

9, 10 
14 


Description 

These act to shield the INI , IN2, and 
INREF connections from stray 
capacitance and leakage which could 
degrade the part’s performance. They 
should be connected to a high quality 
ground. 

Provides a separate ground for the 
internal digital circuitry to prevent noise 
from corrupting the comparator inputs. 

It should have its own ground 
connection. 

This is the latched output from the 
internal comparator. It is an open drain 
which can be left unconnected if not 
needed. Its response time is equal to 
the sample rate’s period. The rise time, 
from 10% to 90%, is nominally 500 ns 
with a 10 kH pull-up resistor. The output 
is typically capable of swinging from 
+ 0.25 (at 1 mA) to + 25 volts. 

Output reference; for proper integrator 
operation this input should be 
connected to a good system ground, 
such as the ground to which INREF is 
connected. 

This is the LMC669’s integrator output. 

It can swing from - 1 2 to + 1 2 volts in 
0.2 volt steps with a ^ 10 Kfi load and 
no external integrating capacitor. 

When a capacitor is used to decrease 
the correction voltage’s step size, it is 
connected between CAP and OUTPUT. 
It parallels an internal 1 0 pF capacitor. 
External clock input/internal adjust. 

The frequency of the internal clock 
(nominally 100 kHz) may be reduced 
with an external capacitor or an 
external clock connected to the CLK 
input. The logic thresholds for this input 
are 4 volts for a logic high and 1 volt for 
logic low. The internal clock can be 
stopped by applying a logic high, 
through a diode, to the CLK input. 

When a logic low is applied to the 
diode, the internal clock runs freely. 
(See Figure 3) 

Comparator reset. At power-up, or 
when RESET is pulled low during 
normal operation, the Auto Zero will run 
at its fastest sample rate. This allows 
for the quickest V os nulling. 

Leave this pin unconnected. 

Connect these pins together. 

Connect to analog ground. 


Pin 

T1,T2 
16, 15 
( 12 , 11 ) 


v+,v- 

17, 11 
(13,8) 


Description 

These pins select one of five clock 
divider ratios. The ratio, hence the 
sample rate can be changed by 
applying V+ or ground to T1 andT2. 
The ratio chosen by these inputs is 
valid after the comparator’s output 
changes state; i.e., a zero-crossing 
between the offset and correction 
voltage has taken place. These inputs 
can also be changed at any time to 
modify the LMC669’s sample rate. Use 
the table below to determine the 
reduction in the clock’s frequency for 
each combination of T 1 and T2. 


T1 

T2 

RESET 

- 

X 

X 

0 

1 

1 

1 

1 

4 

1 

0 

1 

16 

0 

1 

1 

128 

0 

0 

1 

1024 


Positive and negative power supply 
inputs. Typical supply voltages are ±15 
volts, but operation will take place from 
± 8 to ±20 volts. Power supply current 
is typically 3 mA. Bypass capacitors 
(0.01 ~ 0.1 juF) should be connected 
to the power supply pins. 


Application Hints 

1.0 INTRODUCTION 

In its standard application shown in Figure 1, the LMC669 
continuously samples the summing node of an inverting am- 
plifier and generates a correction voltage for the amplifier’s 
non-inverting input, nulling the amplifier’s input offset volt- 
age (V os ) to 5 jliV. The offset correction is independent of 
time, temperature, and supply voltage. The LMC669 elimi- 
nates the need for initial or periodic offset adjustments, 
compensates for V os drift due to temperature changes, al- 
lows the use of greater DC gain, and increases immunity to 
changes in power supply voltages. 

At the input of the LMC669 is a sampled-data differential 
comparator with very low offset voltage. When the compar- 
ator samples the summing node voltage and determines 
that it is not at ground, the LMC669’s output generates a 
small voltage step in the opposite direction of the error. The 
size of the step and the sample rate are user-selectable. 
The correction voltage continues to step up or down until 
the summing node is within the Vqs of the LMC669 — typi- 
cally 5 juV. At this point the Auto Zero continues to monitor 
the summing node and perform any needed corrections. An 
internal divider generates five different sampling rates for 
any given clock frequency. 

The only external parts needed for V os correction of most 
amplifiers are two resistors and one capacitor. Since the 
capacitor is in the feedback loop of an integrator, it should 
be a low leakage type (polycarbonate, polypropylene, poly- 
styrene, mylar, etc.). The tolerance of the resistors and ca- 
pacitor is not critical (10% components are satisfactory). 
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FIGURE 1. Typical Application 


1.1 CIRCUIT OPERATION 

At the heart of the LMC669 is a four-stage precision sam- 
pled-data comparator, shown in Figure 2. The circuit oper- 
ates by successively zeroing the offset of each stage, re- 
sulting in a very high gain amplifier with extremely low input 
offset voltage. 

After a comparator decision is made, the latch is enabled 
and holds the comparator’s output state. At the same time 
this state appears at COM POUT. The latch also generates a 
± 1 V signal that charges capacitor Ci to ± 1 V. C-|’s charge 
is then transferred to the integrator’s feedback capacitor C 2 . 
Since C 2 is five times larger than C-|, a 200 mV step will 
appear at the integrator’s output. Further reduction of the 
step size is possible with an external capacitor connected in 
parallel with C 2 (between OUTPUT and CAP). The integra- 
tor output is then attenuated by a resistive divider network 
before being applied to the external op amp’s non-inverting 
input, completing the offset correction loop. 

1.2 CLOCKS 

In order to control the events that take place in the LMC669, 
an internal Schmitt trigger oscillator generates a 100 kHz 
clock. This oscillator’s frequency can be lowered by con- 
necting a capacitor between the CLK input and ground as in 
Figure 3c. It can also be overridden by applying an external 
clock source (^ 100 kHz) to the CLK input {Figure 3a). Fur- 
ther, the clock can be halted with a diode connected as 
shown in Figure 3(b). 


The clock signal drives the input of the divider (See Figure 
2). Depending on the logic levels at inputs T1, T2, and 
RESET, the clock can be divided by five different ratios (1 , 
4, 16, 128, and 1024). The output of the divider triggers the 
sequencer which controls the auto-zero function. 

When the LMC669 is powered-up or reset the internal divid- 
er automaticaliy divides by one. This allows the Auto-Zero to 
operate at maximum sampling rate so that large initial off- 
sets can be rapidly corrected. When the comparator toggles 
for the first time, this indicates that input null has been 
achieved and that maximum sample rate is no longer re- 
quired. The latch then switches the divider from 4- 1 to the 
ratio programmed via T1 and T2. By employing this “two 
speed” approach the device can move quickly to handle 
turn-on transients and then shift to the optimum “gear” for 
long term offset correction. It is also pos sible to return to the 
maximum sample rate via the RESET input so that non- 
power-up transients can be dealt with as well. 

1.3 INPUT RANGE 

The INI, IN2, and INREF inputs can accept signal levels 
between 0 and +2 V. However, as long as both INI and 
IN2, or INREF, is kept between 0 and 2 V the other input (or 
inputs) can be taken to V+ and, if input current limiting 
(^20 mA) is provided, to V - . In most auto-zero applications 
INI and IN2 will be able to go to these extended limits since 
INREF will normally be grounded. 
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FIGURE 2. Block Diagram 


CLOCK CLOCK CLOCK 



-TLTLT ON -T 0FF °t (p f )=clock period (/xs) 

1 00 Hz TO 1 00 KHz i.e., 100 pF — 1 OOfiS 

(a) (b) (c) 

TL/H/8561 -8 

FIGURE 3. Clock Input. External clock (a), controlling internal clock (b), reducing internal clock frequency (c). 
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2.0 APPLICATION CIRCUITS 

The most general application of the Auto-Zero is offset cor- 
rection of an inverting op amp as shown in Figure 1. The 
example below shows how the integration capacitor and the 
resistor divider are chosen. 

Determine the maximum expected offset voltage from the 
op amp characteristics and the requirements of the overall 
system. The correction voltage swing capability should be 
greater than or equal to this value. Also select the minimum 
system resolution and the time that can be allowed to null 
the initial offset. These will determine the correction voltage 
step size. The magnitude of the correction voltage (V corr ) 
and the step size (dv) are defined according to equations 1 
and 2: 

Ro 

Correction voltage = V corr = V ou t — ■ — — (1 ) 

Hi r H2 


V 0 is typically ±12V for ± 15V supplies. 
Ri Vcorr 


R 2 = 


(V 0 - V corr ) 
1 0K Vcorr 


(la) 


(12 - V corr ) 

for Ri = 10 kn (For proper operation Ri + R 2 should 
be greater than 1 0 kfl.) 


step size = dv = 1 
C = ClR 2 


,0V (-53-) (-52-) 
\C 2 + CJ \Ri + R 2 / 


' c 2 


( 2 ) 


(2a) 


dv (Ri + R 2 ) 

with Ci = 2 pF, C 2 = 10 pF, Ri and R 2 from Eq. la. 
Ci and C 2 are internal. 


A further consideration regarding the selection of step size 
is resolution: the magnitude of the smallest significant sig- 
nal. In the case of nulling the V os of an op amp used with a 
digital-to-analog converter (DAC) the smallest signal is the 
voltage produced by the least-significant bit (LSB). There- 
fore, the correction voltage’s step size would need to be 
much smaller than the magnitude of the DAC’s LSB in order 
to retain the DAC’s desired resolution. 


Finally, for proper operation, the sampling period should be 
longer than the amplifier’s settling time. 10 jxs or more 
should be adequate for most contemporary amplifiers. 


DESIGN EXAMPLE 

As an example, assume that the offset of the op amp in 
Figure 1 is expected to be no more than 1 5 mV and the 
system can tolerate a 1 n V square wave at a rate equal to 
the internal clock. Begin by using Ri and R 2 to set the maxi- 
mum correction voltage to 15 mV. The LMC669’s output 
can swing to ±12 volts with a 10 KO load and a ±15 volt 
power supply. Ri and R 2 should be chosen to reduce this to 

Ri Vcorr 
Vo — V corr 
(1 OK) (0.015) 

(12 - 0.015) 

12.5H ~ 13fi 

for ± 15V supplies and Ri = 10K. 


15 mV: 
R 2 = 


Now choose C, the integrator’s external feedback capacitor, 
to set the final step size to 1 juV. Using equation (2a): 

C 1 R 2 


C = - 


C 2 


dv(Ri + R 2 ) 
with Ri = 10 ka, R 2 = 13a, Ci = 2 pF, 
and C 2 = 1 0 pF, yields 

C a 2500 pF 

The null time for this example, with an amplifier offset of 15 
mV, step size of 1 jllV, and initial sample rate of 1 00 kHz, is 

Null time = , - V ° s — (3) 

(dv)(sample rate) 

= 1 50 msec 

If this is too slow, the step size can be increased. 

OP AMP INPUT BIAS CURRENT 


Input bias current should be considered when selecting an 
op amp that is nulled by the LMC669. If this current is too 
high, the result is a significant voltage drop across the feed- 
back components and consequent output offset. The Auto 
Zero will not correct this error since it does not appear as a 
voltage at the summing node. Therefore, use low resistance 
feedback networks, or op amps with low input bias current 
such as the LF156, LF400, and LF411. 


NOISE 

Through careful selection of the sample rate and step size a 
compromise can be made between noise and null time. Low 
sample rates achieve low noise but take a long time to null 
an offset or correct it when a sudden change occurs. High 
sample rates can quickly null or correct changes in V os but 
do so with an increase in noise. Step size directly affects the 
null time and the amount of noise introduced: small step 
sizes (<100 nV) contribute almost no noise, but result in 
long null times. 

Low noise LMC669 applications are beneficial to instrumen- 
tation and audio electronics. An LM833 low noise operation- 
al amplifier (4.5 nV /i/Hz) with the LMC669 is shown in 
Figure 4 . In this circuit the Auto Zero adds only 1 nV / \/Hz 
referred to the amplifier’s input. To achieve this the step 
size is set to 100 nV. The sample rate, with the internal 
clock free-running, is set to 98 Hz (clock frequency -s- 
1024), and input and output filters are added to the 
LMC669. The input filter prevents switching transients from 
reaching the amplifier input and the output filter attenuates 
AC components of the steps at the Auto Zero’s output. The 
filter at the op amp’s input also introduces a pole at 

Fp = 27 r (R in + R f )C f 

and a zero at 


z Z'n-RfCf 

The maximum V os that can be corrected by the circuit in 
Figure 4 is 1 2 mV. More offset correction can be obtained 
while retaining good noise performance by increasing the 
size of R 2 and C the same percentage. Increasing C com- 
pensates for the reduced attenuation caused by increasing 
R 2 . This allows the step size to remain the same but in- 
creases the amount of correction voltage applied to the op 
amp. 
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FIGURE 5. Zeroing LM1875 Power Op-Amp 
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Application Hints (Continued) 

POWER AMPLIFIERS 

For applications such as motor control, automated servo 
systems, and power amplification the LMC669 can also be 
used with amplifiers other than standard small signal op 
amps. Figure 5 shows how the Auto Zero can allow an 
LM1875 audio power amplifier to operate with very low off- 
set. While the sample rate for this configuration is not crit- 
ical, the LMC669’s output step size should be set for less 
than 1 jliV to ensure low system noise. 

NON-INVERTING AMPLIFIERS AND SYSTEMS 

A variation of the above circuit appears in Figure 6 with the 
LMC669 operating as a DC-servo integrating feedback loop. 
This configuration is applicable when the Auto Zero is used 
with non-inverting op amps amplifying AC-only signals. The 
output error of the amplifier is reduced to the Vos of the Auto 
Zero, typically 5 julV. A filter at the input of the LMC669 limits 
current and ensures that only DC and very low frequencies 


(< 0.6 Hz) are sampled. In this application the output of the 
op amp is sampled and compared with a reference ground. 
The correction output from the Auto Zero now replaces the 
ground reference for the feedback resistor connected to the 
inverting input. 

Systems can also benefit from the Auto Zero. Figure 7 
shows how the V os of an MF6 Butterworth low-pass 
switched capacitor filter is nulled by the LMC669. The Auto 
Zero’s INI and IN2 inputs are connected to the MF6’s out- 
put while INREF is connected to its input. The correction 
signal is applied to the MF6’s V os ADJ input. RC low-pass 
filters (Rfi , Cfi and Rf 2 , Cf 2 ) are used to reduce AC signals 
at the LMC669’s inputs and provide current limiting. It is 
important to set each passive RC filter’s cutoff as low as 
possible, at most 0.1 of the MF6’s f 0 . 

This correction makes the MF6 useful in applications calling 
for good DC accuracy. The MF6’s typical 250 mV offset is 
decreased to 5 j u,V with a step size of 1 juV. 


-15VDC +15VDC 
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FIGURE 7. Auto zeroing a system. In this case the 250 mV offset 
of a switched-capacitor low-pass filter is corrected by the LMC669. 
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MAINTAINING DAC LINEARITY 

The LMC669 is particularly useful for zeroing the offset of 
an op amp used with a CMOS digital-to-analog converter 
(DAC). For good linearity the DAC’s two outputs (l ou t and 
l ou t) must be connected to identical ground potentials. The 
presence of op amp V os (and its drift due to temperature) 
will degrade the DAC’s linearity. Even though the effects of 
V os can be corrected by trimming, a static trim will not be 
very helpful if the V os changes with respect to temperature. 
Figure 8 shows the DAC1208 with a 10V reference driving 
an LF357. The linearity of this DAC will degrade by 0.01% 
for each millivolt of op amp Vos- Therefore, the LF357’s 
typical offset of 5 mV will turn the 12-bit DAC1208’s 0.012% 
linearity error into 0.062%. What was a 12 bit linear device 
now has only 9 bits linearity. The original linearity specifica- 
tion can be retained by connecting an LMC669 to the inputs 
of the LF357, rendering the non-linearity due to V os and 
temperature drift negligible. The DAC is now able to operate 
at its published linearity specifications independent of V os 
and temperature. 

Figure 9 shows the schematic of a unipolar power DAC. 
One use of the power DAC is as a digitally controlled power 
supply having the ability to sink current, in the case of induc- 
tive loads, as well as source current. The linearity of the 
DAC is preserved by the nulling action of the LMC669 con- 
nected to the inputs of the LM1875 power amplifier. The 


amplifier can generate an output voltage from 0 to 25 volts 
and a maximum current of 3 amperes. The actual output is 
determined by 


Vout ~ 


-Vref(D) 

4096 


(“D” is the value of the digital code, base 10). The magni- 
tude of each step is 


1 LSB = 


JVrefl 

4096 


Stable operation of the LM1875 is ensured by the RC com- 
bination connected to the inverting input. 


LMC669 AS A COMPARATOR 

The LMC669’s operation as a comparator is shown in Fig- 
ure 10. Its input impedance is 5 kft with 160 pF to ground. 
For proper operation as a comparator INI and IN2, or IN- 
REF, should be kept between 0 and 2 V while the other input 
(or inputs) can be taken to V+. If input current limiting 
(^20 mA) is provided, the inputs can also go to V~. (In 
addition, please refer to notes 3 and 5 under “Electrical 
Characteristics”.) 

The open collector output can be pulled-up to typically 25 
volts. When the sink current is 1 mA the output can pull- 
down to 0.25V. Outputs closer to ground are possible with a 
larger pullup resistor. 
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FIGURE 8. Reducing V os -induced linearity errors in a 12-bit DAC by 0.01% /mV offset. 



TL/H/8561 -14 

FIGURE 9. Power DAC with ±20V D . D and 3A output capabilities. 



Application Hints (Continued) 

LOW-FREQUENCY, HIGH-GAIN AMPLIFIER 

For applications that require precision high-gain DC and 
low-frequency performance, the LMC669 can be connected 
as an amplifier as shown in Figure 11. For a closed-loop 
gain of -1000 the useful frequency range is typically 

F -20 — 

max mV of step size 



*R = 10K. For inputs greater than 2 volts. 

FIGURE 10. Low-Speed Precision Comparator 


R f 



FIGURE 1 1. Low Offset, High Gain, 
Low Frequency Op Amp. 


Bandwidth = 20 


Hz 

mV of step size’ 


sample rate =100 kHz. 
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National 

Semiconductor 


LP124/LP2902/LP324 Micropower Quad 
Operational Amplifier 


General Description 

The LP124 series consists of four independent, high gain 
internally compensated micropower operational amplifiers. 
These amplifiers are specially suited for operation in battery 
systems while maintaining good input specifications, and 
extremely low supply current drain. In addition, the LP124 
has an input common mode range, and output source range 
which includes ground, making it ideal in single supply appli- 
cations. 

These amplifiers are ideal in applications which include por- 
table instrumentation, battery backup equipment, and other 
circuits which require good DC performance and low supply 
current. 


Features 

■ Low supply current 

■ Low offset voltage 

■ Low input bias current 

■ Input common mode to GND 

■ Interfaces to CMOS logic 

■ Wide supply range 

■ Small Outline Package available 

■ Pin-for-pin compatible with LM124 


125 fx A (max) 
2 mV (max) 
4 nA (max) 


3V < V+ < 32V 


Connection Diagram Simplified Schematic 


V* 


Dual-in-Line (J, N) and SO (M) 


OUT 4 IN 4" IN 4 + GND IN 3* IN 3” OUT 3 



TL/H/8562-1 

Order Number LP124J or LP324J 
See NS Package Number J14A 



Order Number LP324M or LP2902M tl/h/8562-2 

See NS Package Number M14A 


Order Number LP324N or LP2902N 
See NS Package Number N14A 


3-782 



Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, 



Package 


please contact the National 

Semiconductor Sales 


J 

N 

M 

Office/Distributors for availability and specifications. 

Power Dissipation 

500 mW 

500 mW 

500 mW 

Supply Voltage 

32V or ± 16V 

(Note 3) 




LP2902 

26V or ± 13V 

Tj Max 

150°C 

150°C 

150°C 

Differential Input Voltage 

32V 

0ja 

90°C/W 

90°C/W 

140°C/W 

LP2902 

26V 

Operating Temp. Range 

(Note 4) 

(Note 4) 

(Note 4) 

Input Voltage (Note 1) 

-0.3V to 32V 

Storage Temp. Range 

— 65‘ 

>c <; T ^ • 

150°C 

LP2902 

-0.3V to 26 V 

Soldering 




Output Short-Circuit to GND 

Continuous 

Information (10 sec.) 

300°C 

260°C 


(One Amplifier) (Note 2) 


Vapor Phase (60 sec.) 



215°C 

V + ^ 15V and T A = 25°C 


Infrared (15 sec.) 



220°C 

ESD Susceptibility (Note 9) 

±500V 






Electrical Characteristics (Notes) 





LP124 

LP2902 (Note 8) 

LP324 


Symbol 

Parameter 

Conditions 

Typ 

Tested 

Limit 

Design 

Limit 

Typ 

Tested 

Limit 

Design 

Limit 

Typ 

Tested 

Limit 

Design 

Limit 

Units 

Limits 





(Note 6) 

(Note 7) 


(Note 6) 

(Note 7) 


(Note 6) 

(Note 7) 


V 0 s 

Input Offset 


1 

2 

7 

2 

4 

10 

2 

4 

9 

mV 


Voltage 



4 








(Max) 

lb 

Input Bias 


1 

4 

8 

2 

20 

40 

2 

10 

20 

nA 


Current 



8 








(Max) 

los 

Input Offset 


0.1 

1 

2 

0.5 

4 

8 

0.2 

2 

4 

nA 


Current 



2 








(Max) 

Avol 

Voltage 

o 

II 

DC 

100 

70 

60 

70 

40 

30 

100 

50 

40 

V/mV 


Gain 

to GND 

V+ = 30V 


60 








(Min) 

CMRR 

Common 

V+ = 30V 

100 

85 

75 

90 

80 

75 

90 

80 

75 

dB 


Mode Rej. 

0V ^ V cm 


80 








(Min) 


Ratio 

V C m<V+-1.5 











PSRR 

Power 

V+ = 5V to 30V 

100 

85 

75 

90 

80 

75 

90 

80 

75 

dB 


Supply Rej. 
Ratio 



80 








(Min) 

Is 

Supply 

r l = °o 

85 

125 

200 

85 

150 

250 

85 

150 

250 

ju,A 


Current 



150 








(Max) 

V 0 

Output 

Voltage 

Swing 

l|_ = 350 juA 
to GND. 

Vcm = 0V 

3.6 

3.4 

3.1 

V+-1.9V 

3.6 

3.4 

V+-1.9V 

3.6 

3.4 

V+-1.9V 

V 

(Min) 



II = 350 juA 
to V + 

Vcm = 0V 

0.7 

0.8 

1.0 

0.7 

0.8 

1.0 

0.7 

0.8 

1.0 

V 




1.0 








(Max) 

lout 

Output 

> 

CO 

II 

o 

> 

11 

9 

4 

10 

7 

4 

10 

7 

4 

mA 

Source 

Source 

Current 

V in (diff) = IV 


4 








(Min) 

lout 

Output 

V 0 = 1.5V 

6 

5 

4 

5 

4 

3 

5 

4 

3 

mA 

Sink 

Sink 

Current 

V in (diff) = IV 


4 








(Min) 

lout 

Output 

V 0 = 1.5V 

5 

3 

1.5 

4 

2 

1 

4 

2 

1 

mA 

Sink 

Sink 

Current 

V cm = 0V 


0.5 








(Min) 

1 source 

Output 

V in (diff) = IV 

20 

25 

35 

20 

25 

35 

20 

25 

35 

mA 


Short to GND 



35 



35 



35 


(Max) 
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Electrical Characteristics (Note 5) (continued) 


Symbol 

Parameter 

Conditions 

LP124 

LP2902 (Note 8) 

LP324 

Units 

Limits 

Typ 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Isirik 

Output 

Short to V+ 

V in (diff) = IV 

15 

20 

25 

35 

15 

20 

35 

15 

20 

35 

mA 

(Max) 

Vos 

Drift 



7 



10 



10 



/aV/C° 

los 

Drift 



5 



10 



10 



pA/C° 

GBW 

Gain » 

Bandwidth 

Product 


100 



100 



100 



KHz 

S r 

Slew Rate 


50 



50 



50 



V/mS 


Note 1: The input voltage is not allowed to go more than -0.3V below V - (GND) as this will turn on a parasitic transistor causing large currents to flow through the 
device. 

Note 2: Short circuits from the output to GND can cause excessive heating and eventual destruction. The maximum sourcing output current is approximately 30 mA 
independent of the magnitude of V+. At values of supply voltage in excess of 15 Vdc> continuous short-circuit to GND can exceed the power dissipation ratings 
(particularly at elevated temperatures) and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 

Note 3: For operation at elevated temperatures, these devices must be derated based on a thermal resistance of 0j a and Tj max. Tj = Ta + 0j a PD- 

Note 4: The LP124 may be operated from -55°C +125°C. The LP2902 may be operated from -40°C <■!&<. +85°C, and the LP324 may be operated 

from 0°C ^ T a ^ +70°C. 

Note 5: Boldface numbers apply at temperature extremes. All other numbers apply only at Ta = Tj = 25°C, V+ = 5V, V cm = M/2, and Rl =100k 
connected to GND unless otherwise specified. 

Note 6: Guaranteed and 100% production tested. 

Note 7: Guaranteed (but not 1 00% production tested) over the operating supply voltage range (3.0V to 32V for the LP124, LP324, and 3.0V to 26V for the LP2902), 
and the common mode range (0V to V+ -1.5V), unless otherwise specified. These limits are not used to calculate outgoing quality levels. 

Note 8: The LP2902 operating supply range is 3 V to 26V, and is not tested above 26 V. 

Note 9: The test circuit used consists of the human body model of 100 pF in series with 1500ft. 

Typical Performance Curves 


Input Voltage Range 
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Frequency Response 
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Typical Performance Curves (Continued) 


Voltage Follower 
Pulse Response 



t TIMERS) 


Voltage Follower Pulse 
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t TIME OiS) 


Common Mode 
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Large Signal 
Frequency Response 
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Output Characteristics 
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Output Characteristics 
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l 0 + OUTPUT SOURCE CURRENT (mA DC) 
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TL/H/8562-19 


Application Hints 

The LP124 series is a micro-power pin-for-pin equivalent to 
the LM124 op amps. Power supply current, input bias cur- 
rent, and input offset current have all been reduced by a 
factor of 10 over the LM124. Like its predecessor, the 
LP124 series op amps can operate on single supply, have 
true-differential inputs, and remain in the linear mode with 
an input common-mode voltage of 0 Vpc- 
The pinouts of the package have been designed to simplify 
PC board layouts. Inverting inputs are adjacent to outputs 
for all of the amplifiers and the outputs have also been 
placed at the corners of the package (pins 1, 7, 8, and 14). 
Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or the unit is not inadvertently installed backwards in the 


test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could destroy the unit. 

Large differential input voltages can be easily accommodat- 
ed and, as input differential voltage protection diodes are 
not needed, no large input currents result from large differ- 
ential input voltages. The differential input voltage may be 
larger than V+ without damaging the device. Protection 
should be provided to prevent the input voltages from going 
negative more than -0.3 Vqc (at 25°C). An input clamp 
diode with a resistor to the 1C input terminal can be used. 
The amplifiers have a class B output stage which allows the 
amplifiers to both source and sink output currents. In appli- 
cations where crossover distortion is undesirable, a resistor 
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LP124/LP2902/LP324 


Application Hints (Continued) 

should be used from the output of the amplifier to ground. 
The resistor biases the output into class A operation. 

The LP124 has improved stability margin for driving capaci- 
tive loads. No special precautions are needed to drive loads 
in the 50 pF to 1000 pF range. It should be noted however 
that since the power supply current has been reduced by a 
factor of 10, so also has the slew rate and gain bandwidth 
product This reduction can cause reduced performance in 
AC applications where the LM124 is being replaced by an 
LP124. Such situations usually occur when the LM124 has 
been operated near its power bandwidth. 

Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive junction temperatures. For example: If all four amplifi- 
ers were simultaneously shorted to ground on a 10V supply 
the junction temperature would rise by 1 10°C. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of phase to the output and force 


Driving CMOS 



TL/H/8562-3 


Non-Inverting Amplifier 



TL/H/8562-4 


Unity Gain Buffer 



TL/H/8562-5 


the amplifier to the corresponding high or low state. Exceed- 
ing the negative common-mode limit on both inputs will 
force the amplifier output to a high state. Exceeding the 
positive common-mode limit on a single input will not 
change the phase of the output. However, if both inputs 
exceed the limit, the output of the amplifier will be forced to 
a low state. In neither case does a latch occur since return- 
ing the input within the common mode range puts the input 
stage and thus the amplifier in a normal operating mode. 
The circuits presented in the section on typical applications 
emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the 
standard op amp circuits can be used. In general, introduc- 
ing a pseudo-ground (a bias voltage reference to V + /2) will 
allow operation above and below this value in single power 
supply systems. Many application circuits are shown which 
take advantage of the wide input common-mode voltage 
range which includes ground. In most cases, input biasing is 
not required and input voltages which range to ground can 
easily be accommodated. 


Comparator with Hysteresis 



10 kn 10 MA 

TL/H/8562-6 


Adder/Subtractor 



TL/H/8562-7 


Positive Integrator 

R R 
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Application Hints (Continued) 


Band-Reject Filter 

16 kil 



TL/H/8562-15 


Pulse Generator 


r f 


30 kn 1N914 



TL/H/8562-16 


Window Comparator 
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National 

Semiconductor 


LPC660AM/LPC660AI/LPC660I 
CMOS Quad Operational Amplifier 


General Description 

The LPC660 CMOS Quad operational amplifier is ideal for 
operation from a single supply. It is fully specified for opera- 
tion from +5V to +15V and features rail-to-rail output 
swing in addition to an input common-mode range that in- 
cludes ground. Performance limitations that have plagued 
CMOS amplifiers in the past are not a problem with this 
design. Input Vqs. drift, and broadband noise as well as 
voltage gain (into 100 kfl and 5 kfl) are all equal to or better 
than widely accepted bipolar equivalents, while the power 
supply requirement is less than 1 mW. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LPC662 datasheet for a Dual CMOS operational 
amplifier with these same features. 

Applications 

ea High-impedance buffer 
m Precision current-to-voltage converter 
h Long-term integrator 


■ High-impedance preamplifier 

■ Active filter 

■ Sample-and-Hold circuit 
h Peak detector 

Features 

■ Rail-to-rail output swing 

■ Micropower operation (1 mW) 

■ Specified for 100 kfi and 5 kf l loads 

■ High voltage gain 120 dB 

n Low input offset voltage 3 mV max 

a Low offset voltage drift 1 .3 jllV/°C 

a Ultra low input bias current 40 fA 

B Input common-mode includes GND 

■ Operation guaranteed from +5V to + 15V 

s Low distortion 0.01 % at 1 kHz 

m Slew rate 0.11 V/jas 

□ Insensitive to latch-up 


Connection Diagram 

Dual-In-Line Package 


OUTPUT 4 INPUT 4' INPUT 4 + GND INPUT 3 + INPUT 3" OUTPUT 3 



Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Military 

Industrial 

14-Pin 

Cavity DIP 

LPC660AMD 


D14E 

14-Pin 

Small Outline 


LPC660AIM or LPC660IM 

M14A 

14-Pin 

Molded DIP 


LPC660AIN or LPC660IN 

N14A 
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Absolute Maximum Ratings (Note 3) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Either Input beyond V + or V - 0.7V 

Supply Voltage (V + - V - ) 16V 

Output Short Circuit to GND (Note 1 ) Continuous 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Storage T emp. Range - 65°C to + 1 50°C 


Junction T emperature (Note 2) 1 50°C 

ESD rating is to be determined. 

Operating Ratings 

Temperature Range 

LPC660AM - 55°C ^ Tj <; +1 25°C 

LPC660AI — 40°C ^ T j ^ +85°C 

LPC660I — 40°C ^ Tj ^ +85°C 

Supply Range 4.75V to 1 5.5V 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for T A = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V - = OV, Vcm = 1.5V, Vq = V+/2, and R L > 1M unless otherwise specified. 





LPC660AM 

LPC660AI 

LPC660I 


Parameter 

Conditions 

Typ 

Limit 
(Note 4) 

Limit 
(Note 4) 

Limit 
(Note 4) 

Units 

Input Offset Voltage 


1 

3 

3 

6 

mV 




3.5 

3.3 

6.3 

max 

Input Offset Voltage 
Average Drift 


1.3 




JLtV/°C 

Input Bias Current 

(Note 8) 

0.04 

20 

20 

20 

pA 




IOO 

4 

4 

max 

Input Offset Current 

(Note 8) 

0.01 

20 

20 

20 

pA 




IOO 

2 

2 

max 

Input Resistance 


>1 




Terafl 

Common Mode 

ov <; v C m ^ 12.0V 

83 

70 

70 

63 

dB 

Rejection Ratio 

V+ = 15V 


68 

68 

61 

min 

Positive Power Supply 

5V ^ V+ < 15V 

83 

70 

70 

63 

dB 

Rejection Ratio 

V 0 = 2.5V 


68 

68 

61 

min 

Negative Power Supply 

ov <; v- <; -10V 

94 

84 

84 

74 

dB 

Rejection Ratio 



82 

83 

73 

min 

Input Common Mode 

V+ = 5V&15V 

-0.4 

-0.1 

-0.1 

-0.1 

V 

Voltage Range 

For CMRR > 50 dB 


0 

0 

0 

max 



V+ - 1.9 

V+ - 2.3 

V+ - 2.3 

V+ - 2.3 

V 




V+ - 2.6 

V+ - 2.5 

V+ - 2.5 

min 

Large Signal 

R l = 100 kn (Note 5) 

1000 

400 

400 

300 

V/mV 

Voltage Gain 

Sourcing 


250 

300 

200 

min 


Sinking 

500 

180 

180 

90 

V/mV 




70 

120 

70 

min 


R L = 5 ktl (Note 5) 

1000 

200 

200 

100 

V/mV 


Sourcing 


150 

160 

80 

min 


Sinking 

250 

100 

100 

50 

V/mV 




35 

60 

40 

min 
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DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 
V+ = 5V, V- = OV, V C m = 1.5V, V 0 = V+/2, and R L > 1M 


= 25°C. Boldface limits apply at the temperature < 
unless otherwise specified. (Continued) 


Output Swing 




LPC660AM 

LPC660AI 

LPC660I 


Conditions 

Typ 

Limit 
(Note 4) 

Limit 
(Note 4) 

Limit 
(Note 4) 

Units 

> 

in 

II 

+ 

> 

4.987 

4.970 

4.970 

4.940 

V 

R L = 100kfttoV+/2 


4.950 

4.950 

4.910 

min 


0.004 

0.030 

0.030 

0.060 

V 



0.050 

0.050 

0.090 

max 

> 

in 

II 

+ 

> 

4.940 

4.850 

4.850 

4.750 

V 

R L = 5 kfl to V+/2 


4.750 

4.750 

4.650 

min 


0.040 

0.150 

0.150 

0.250 

V 



0.250 

0.250 

0.350 

max 

V+ = 15V 

14.970 

14.920 

14.920 

14.880 

V 

R L = 100kfttoV + /2 


14.880 

14.880 

14.820 

min 


0.007 

0.030 

0.030 

0.060 

V 



0.050 

0.050 

0.090 

max 

V+ = 15V 

14.840 

14.680 

14.680 

14.580 

V 

R l = 5 kfl to V + /2 


14.600 

14.600 

14.480 

min 


0.110 

0.220 

0.220 

0.320 

V 



0.300 

0.300 

0.400 

max 

Sourcing, Vq = OV 

22 

16 

16 

13 

mA 



12 

14 

11 

min 

Sinking, Vq = 5V 

21 

16 

16 

13 

mA 



12 

14 

11 

min 

Sourcing, Vq = OV 

40 

19 

28 

23 

mA 



19 

25 

20 

min 

Sinking, Vq = 13V 

39 

19 

28 

23 

mA 



19 

24 

19 

min 

All Four Amplifiers 

160 

200 

200 

240 

jaA 

V 0 = 1.5V 


250 

230 

270 

max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ty\ = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V~ = OV, Vqm = 1.5V, Vq = V+/2, and R[_ > 1M unless otherwise specified. 





LPC660AM 

LPC660AI 

LPC660I 


Parameter 

Conditions 

Typ 

Limit 
(Note 4) 

Limit 
(Note 4) 

Limit 
(Note 4) 

Units 

Slew Rate 

(Note 6) 

0.11 

0.07 

0.07 

0.05 

V/jus 




0.04 

0.05 

0.03 

min 

Gain-Bandwidth Product 


0.35 




MHz 

Phase Margin 


50 




Deg 

Gain Margin 


17 




dB 

Amp-to-Amp Isolation 

(Note 7) 

130 




dB 

Input Referred Voltage Noise 

F = 1 kHz 

42 




nV/i/Hz 

Input Referred Current Noise 

F = 1 kHz 

0.0002 




pAA/Hz 

Total Harmonic Distortion 

F = 10 kHz, A v = -10 

R l = 100 kH, V 0 = 8 Vpp 

0.01 




% 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The junction-to-ambient thermal resistance of the molded plastic DIP (N) is 101°C/W, the molded plastic SO (M) package is 152°C/W, and the cavity DIP 
(D) package is 124°C/W. All numbers apply for packages soldered directly into a PC board. 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: These limits are guaranteed and are used in calculating outgoing AQL. 

Note 5: V + = 15V, Vqm = 7.5V and R|_ connected to 7.5V. For Sourcing tests, 7.5V ^ Vq ^ 11.5V. For Sinking tests, 2.5 V <. Vo <> 7.5V. 

Note 6: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 7: Input referred. V + = 15V and Rl = 100 k SI connected to V + /2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 8: The LPC660AI and the LPC660I input bias current and input offset current specifications over the temperature range are guaranteed through correlation 
techniques; these numbers reflect the true performance of the part. All other input bias and offset current specifications (other than the typical) are measured; 
these numbers are degraded in order to reduce the test time (and the cost of the part) taken in measuring these parameters. 


3-792 




Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified 


Supply Current 























»\ 

\ 




r 






\ 

\ 

> 

% 



HE 

PA 

_ 

RME 

CKA 

TIC 

GE 




\ 

\ 




1 




PI 

_PA 

-ASTIC 

CKAGE 

\ 

V 









-75-6-45-3-15 0 15 3 45 6 75 
INPUT COMMON-MODE VOLTAGE (V) 

Output Characteristics 
Current Sourcing 




10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


I 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 

Input Bias Current vs 
Input Common-Mode Voltage 


25 
2.0 
15 
1 JO 
05 
0.0 
-05 
-10 
-15 
-20 
-25 


Offset Voltage 
vs Temperature of 
Five Representative Units 


Input Bias Current 



-75 -25 25 75 125 

TEMPERATURE (°C) 

Common-Mode Voltage Range 
vs Temperature 


-75-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 

Output Characteristics 


□ S ”15 
O a: 

> 85-20 
§£-25 
\ -30 

ii : 
8^+oo 
ge o 

-|-05 





























TYP 



— 

— 

— - 



-GUJ 

5an| 

TEED 

— 

— 



=1 

= 























— 

— 

GUJ 

i 

m 


icaT 



-75 -25 25 75 

TEMPERATURE (°C) 

Input Voltage Noise 
vs Frequency 


0001 0O1 0.1 1 10 100 

OUTPUT SINK CURRENT (mA) 

Crosstalk Rejection 




FREQUENCY (Hz) 


CMRR vs Temperature 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 

Power Supply Rejection 



-75 -25 25 75 

TEMPERATURE (°C) 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

TL/H/1 0547-2 


3-793 


LPC660AM/LPC660AI/LPC660I 




LPC660AM/LPC660AI/LPC660I 


Typical Performance Characteristics Vg = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Open-Loop Voltage Gain 
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Typical Performance Characteristics v s = ± 7.5v,t a = 25 c (continued) 



-10 - 0.1 - 0.001 0.001 0.1 10 
-1 - 0.01 0 0.01 1 
SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/1 0547-4 

Note: Avoid resistive loads of less than 500fi, as they may cause instability. 
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National 

Semiconductor 


LPC662AM/LPC662AI/LPC662I 
CMOS Dual Operational Amplifier 


General Description 

The LPC662 CMOS Dual operational amplifier is ideal for 
operation from a single supply. It is fully specified for opera- 
tion from +5V to +15V and features rail-to-rail output 
swing in addition to an input common-mode range that in- 
cludes ground. Performance limitations that have plagued 
CMOS amplifiers in the past are not a problem with this 
design. Input Vqs. drift, and broadband noise as well as 
voltage gain (into 100 k ft and 5 kfl) are all equal to or better 
than widely accepted bipolar equivalents, while the power 
supply requirement is less than 0.5 mW. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LPC660 datasheet for a Quad CMOS operational 
amplifier with these same features. 

Applications 

■ High-impedance buffer 

■ Precision current-to-voltage converter 

■ Long-term integrator 


■ High-impedance preamplifier 

■ Active filter 

■ Sample-and-Hold circuit 

■ Peak detector 


Features 

■ Rail-to-rail output swing 

■ Micropower operation (<0.5 mW) 

a Specified for 1 00 kH and 5 kfl loads 
B High voltage gain 120 dB 

a Low input offset voltage 3 mV max 

B Low offset voltage drift 1 .3 /xV/°C 

b Ultra low input bias current 40 fA 

b Input common-mode includes GND 
b Operation guaranteed from +5V to +15V 
a Low distortion 0.01 % at 1 kHz 

a Slew rate 0.11 V//xs 

b Insensitive to latch-up 


Connection Diagram 


8-Pin DIP 



v + 

OUTPUT B 

INVERTING INPUT B 

NONINVERTING 
INPUT B 


TL/H/ 10548-1 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Military 

Industrial 

8-Pin 

Cavity DIP 

LPC662AMD 


D08C 

8-Pin 

Small Outline 


LPC662AIM or LPC662IM 

M08A 

8-Pin 

Molded DIP 


LPC662AIN or LPC662IN 

N08E 
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Absolute Maximum Ratings (Note 3 ) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Either Input beyond V + or V - 0.7V 

Supply Voltage (V + - V“) 16V 

Output Short Circuit to GND (Note 1 ) Continuous 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Storage Temp. Range - 65°C to + 1 50°C 

Junction Temperature (Note 2) 1 50°C 

ESD rating is to be determined. 


Operating Ratings 

Temperature Range 

LPC662AM — 55°C <; T j <; + 125°C 

LPC662AI — 40°C ^ Tj <; + 85°C 

LPC662I — 40°C ^ Tj ^ +85°C 


Supply Range 


4.75V to 15.5V 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V - = 0V, Vqm = 1.5V, Vq = V+/2, and R[_ > 1M unless otherwise specified. 


Parameter 

Conditions 

Typ 

LPC662AM 

Limit 
(Note 4) 

LPC662AI 

Limit 
(Note 4) 

LPC662I 

Limit 
(Note 4) 

Units 

Input Offset Voltage 


1 

3 

3 

6 

mV 




3.5 

3.3 

6.3 

max 

Input Offset Voltage 
Average Drift 


1.3 




JLlV/°C 

Input Bias Current 

(Note 8) 

0.04 

20 

20 

20 

pA 




IOO 

4 

4 

max 

Input Offset Current 

(Note 8) 

0.01 

20 

20 

20 

pA 




IOO 

2 

2 

max 

Input Resistance 


>1 




Tera fl 

Common Mode 

ov <: V CM ^ 12 . 0 V 

83 

70 

70 

63 

dB 

Rejection Ratio 

V+ = 15V 


68 

68 

61 

min 

Positive Power Supply 

5V <: V+ £ 15V 

83 

70 

70 

63 

dB 

Rejection Ratio 

V 0 = 2.5V 


68 

68 

61 

min 

Negative Power Supply 

ov < v- <; - 10 V 

94 

84 

84 

74 

dB 

Rejection Ratio 



82 

83 

73 

min 

Input Common-Mode 

V+ = 5V and 15V 

-0.4 

-0.1 

-0.1 

-0.1 

V 

Voltage Range 

For CMRR :> 50 dB 


0 

0 

0 

max 



V+ - 1.9 

V+ - 2.3 

V+ - 2.3 

V+ - 2.3 

V 




V+ - 2.6 

V+ - 2.5 

V+ - 2.5 

min 

Large Signal 

R L = 1 00 kfl (Note 5) 

1000 

400 

400 

300 

V/mV 

Voltage Gain 

Sourcing 


250 

300 

200 

min 


Sinking 

500 

180 

180 

90 

V/mV 




70 

120 

70 

min 


R l = 5 kH (Note 5) 

1000 

200 

200 

100 

V/mV 


Sourcing 


150 

160 

80 

min 


Sinking 

250 

100 

100 

50 

V/mV 




35 

60 

40 

min 
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DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V~ = OV, Vqm = 1.5V, Vq = V+/2, and Rl > 1M unless otherwise specified. (Continued) 


Parameter 

Conditions 

Typ 

LPC662AM 

Limit 
(Note 4) 

LPC662AI 

Limit 
(Note 4) 

LPC662I 

Limit 
(Note 4) 

■ 

Units 

Output Swing 

> 

in 

II 

+ 

> 

4.987 

4.970 

4.970 

4.940 

V 


R l = 100kntoV+/2 


4.950 

4.950 

4.910 

min 



0.004 

0.030 

0.030 

0.060 

V 




0.050 

0.050 

0.090 

max 


v+ = 5V 

4.940 

4.850 

4.850 

4.750 

V 


R l = 5katoV+/2 


4.750 

4.750 

4.650 

min 



0.040 

0.150 

0.150 

0.250 

V 




0.250 

0.250 

0.350 

max 


V+ = 15V 

14.970 

14.920 

14.920 

14.880 

V 


R l = 100kntoV + /2 


14.880 

14.880 

14.820 

min 



0.007 

0.030 

0.030 

0.060 

V 




0.050 

0.050 

0.090 

max 


V+ = 15V 

14.840 

14.680 

14.680 

14.580 

V 


R l = 5katoV+/2 


14.600 

14.600 

14.480 

min 



0.110 

0.220 

0.220 

0.320 

V 




0.300 

0.300 

0.400 

max 

Output Current 

Sourcing, Vq = OV 

22 

16 

16 

13 

mA 

> 

in 

II 

+ 

> 



12 

14 

11 

min 


Sinking, Vq = 5V 

21 

16 

16 

13 

mA 




12 

14 

11 

min 

Output Current 

Sourcing, Vq = OV 

40 

19 

28 

23 

mA 

V+ - 15V 



19 

25 

20 

min 


Sinking, Vq = 13V 

39 

19 

28 

23 

mA 




19 

24 

19 

min 

Supply Current 

Both Amplifiers 

86 

120 

120 

140 

jaA 


V 0 = 1.5V 


145 

140 

160 

max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V~ = OV, Vqm = 1.5V, Vq = V+/2, and R|_ > 1M unless otherwise specified. 


Parameter 

Conditions 

Typ 

LPC662AM 

Limit 
(Note 4) 

LPC662AI 

Limit 
(Note 4) 

LPC662I 

Limit 
(Note 4) 

Units 

Slew Rate 

(Note 6) 

0.11 

0.07 

0.07 

0.05 

V/jus 




0.04 

0.05 

0.03 

min 

Gain-Bandwidth Product 


0.35 




MHz 

Phase Margin 


50 




Deg 

Gain Margin 


17 




dB 

Amp-to-Amp Isolation 

(Note 7) 

130 




dB 

Input Referred Voltage Noise 

F = 1 kHz 

42 




nVA/Hz 

Input Referred Current Noise 

F = 1 kHz 

0.0002 




pA/VHz 

Total Harmonic Distortion 

F = 10 kHz, A V = -10 

R L = 100 kH, V 0 = 8 Vpp 

0.01 




% 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 1 50°C. 

Note 2: The junction-to-ambient thermal resistance of the molded plastic DIP (N) is 101°C/W, the molded plastic SO (M) package is 152°C/W, and the cavity DIP 
(D) package is 1 24°C/W. All numbers apply for packages soldered directly into a PC board. 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: These limits are guaranteed and are used in calculating outgoing AQL. 

Note 5: V + = 15V, V C m = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5V ^ V 0 £ 11.5V. For Sinking tests, 2.5V £ V 0 ^ 7.5 V. 

Note 6: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 7: Input referred. V + = 15V and Rl = 100 kft connected to V + /2. Each amp excited in turn with 1 kHz to produce Vq = 13 Vpp. 

Note 8: The LPC662AI and the LPC662I input bias current and input offset current specifications over the temperature range are guaranteed through correlation 
techniques; these numbers reflect the true performance of the part. All other input bias and offset current specifications (other than the typical) are measured; 
these numbers are degraded in order to reduce the test time (and the cost of the part) taken in measuring these parameters. 
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Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 
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Output Characteristics 
Current Sinking 
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Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Open-Loop Voltage 
Gain vs Temperature 
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Pulse Response 
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Typical Performance Characteristics v s = + 7.sv,t a = 25°c (continued) 


Stability vs 
Capacitive Load 
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Note: Avoid resistive loads of less than 500ft, as they may cause instability. 
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National 

Semiconductor 


OP-07 Low Offset, Low Drift Operational Amplifier 


General Description 

The OP-07 has very low input offset voltage (25 /xV max. for 
OP-07A) which is obtained by trimming at the wafer stage. 
These low offset voltages generally eliminate any need for 
external nulling. The OP-07 also features low input bias cur- 
rent (±2 nA for OP-07A) and high open-loop gain 
(300 V/mV for OP-07A). The low offsets and high open-loop 
gain make the OP-07 particularly useful for high-gain appli- 
cations. 

The wide input voltage range of ±13V minimum combined 
with high CMRR of 110 dB and high input impedance pro- 
vide high accuracy in the non-inverting circuit configuration. 
Excellent linearity and gain accuracy can be maintained 
even at high closed-loop gains. 

Stability of offsets and gain with time or variation in temper- 
ature is excellent. 

The OP-07 is available in TO-99 metal can, ceramic or 
molded DIP. 


Features 

□ Low Vos 25 jliV Max 

m Low Vos Drift 0.6 /xV/°C Max 

0 Ultra-Stable vs Time 1.0 /xV/ Month Max 

h Low Noise 0.6 |xVp-p Max 

■ Wide Input Voltage Range + 14V 

B Wide Supply Voltage Range ±3V to ±18V 

B Fits 725/1 08A/308A, 741, AD510 Sockets 

B Replaces the jjl A714 

Applications 

□ Strain Gauge Amplifiers 

□ Thermocouple Amplifiers 

0 Precision Reference Buffer 
a Analog Computing Functions 


For improved specifications, see the LM607. 


Connection Diagrams 

Dual-ln-Line Package 


v 0 s trim 

-IN 

+IN 

V- 


TL/H/10550-1 

See NS Package Number J08A or N08E 



Metal Can Package 
V 0 S TRIM 



TL/H/10550-2 

See NS Package Number H08C 


Ordering Information 


T A = 25°C 
V 0S Max 
(juV) 

H08C 

TO-99 

Package 

J08A 

CERDIP 

N08E 

Plastic 

Operating 

Temperature 

Range 

25 

OP-07AJ* 

OP-07AZ* 


MIL 

75 

OP-07EJ 

OP-07EZ 

OP-07EP 

COM 

75 

OP-07J* 

OP-07Z* 


MIL 

150 

OP-07CJ 

OP-07CZ 

OP-07CP 

COM 

150 

OP-07DJ 


OP-07DP 

COM 


*For devices processed in total compliance to military specifications refer to RETSOP07X for OP-07. 
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OP-07 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature Range 

please contact the National Semiconductor Sales J and Z Packages -65°Cto +150°C 

Office/Distributors for availability and specifications. P Package -65°G to + 125°C 

Supply Voltage ±22V Lead Temperature (Soldering, 60 sec.) 260°C j 

Internal Power Dissipation (Note 5) 500 mW Junction Temperature -65°C to + 1 50°C 

Differential Input Voltage +30V ^ 

input voltage (Note 6) ± 2 2 v Operating Temperature Range 

Output Short-Circuit Duration Continuous OP-07A, OP-07, - 55”C to + 1 25'C 

OP-07E, OP-07C, OP-07D 0°C to + 70°C 

Electrical Characteristics 

Unless otherwise specified, Vs = ±15V, T A = 25°C. Boldface type refers to limits over -55°C ^ T A ^ +125°C 

Symbol 

Parameter 

Conditions 

OP-07A 

OP-07 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

(Note 1) 

(Note 1) 


10 

25 

25 

60 


30 

60 

75 

200 

,1V 

AVos/t 

Long-Term Input Offset 
Voltage Stability 

(Note 2) 


0.2 

1.0 


0.2 

1.0 

jaV/Mo 

■os 

Input Offset Current 



0.3 

0.8 

2.0 

4 


0.4 

1.2 

2.8 

5.6 

nA 

>B 

Input Bias Current 



±0.7 

±1 

±2.0 

±4 


±1.0 

±2 

±3.0 

±6 

nA 

e np-p 

Input Noise Voltage 

0.1 Hz to 10 Hz (Note 3) 


0.35 

0.6 


0.35 

0.6 

M-Vp-p 

e n 

Input Noise Voltage 
Density 

f 0 = 10 Hz (Note 3) 
f 0 = 100 Hz (Note 3) 
f 0 = 1000 Hz (Note 3) 


10.3 

10.0 

9.6 

18.0 

13.0 

11.0 


10.3 

10.0 

9.6 

18.0 

13.0 

11.0 

nV/VRz 

'np-p 

Input Noise Current 

0.1 Hz to 10 Hz (Note 3) 


14 

30 


14 

30 

pAp.p 

*n 

Input Noise Current 
Density 

f 0 = 10 Hz (Note 3) 
f 0 = 100 Hz (Note 3) 
f 0 = 1000 Hz (Note 3) 


0.32 

0.14 

0.12 

0.80 

0.23 

0.17 


0.32 

0.14 

0.12 

0.80 

0.23 

0.17 

pA/VFE 

Rin 

Input Resistance 
Differential-Mode 

(Note 4) 

30 

80 


20 

60 


Mft 

Rincm 

Input Resistance 
Common-Mode 



200 



200 


Gft 

IVR 

Input Voltage Range 


±13.0 

±13.0 

±14.0 

±13.5 


±13.0 

±13.0 

±14.0 

±13.5 


V 

CMRR 

Common-Mode 
Rejection Ratio 

V C M= -13V 

110 

106 

126 

123 


110 

106 

126 

123 


dB 

PSRR 

Power Supply 

Rejection Ratio 

V s = ±3V to ±18V 


4 

5 

10 

20 


4 

5 

10 

20 

juV/V 

Avo 

Large-Signal 

Voltage Gain 

R L ^ 2kft,V 0 = ±iov 
r l ;> 2 ka,v 0 = ±iov 

R l ^ 500ft, V 0 = ±0.5V, 
V s = ± 3V (Note 4) 

300 

200 

150 

500 

400 

400 


200 

150 

150 

500 

400 

400 


V/mV 

v 0 

Output Voltage Swing 

R L £ lOkft 

R L ^ 2 kft 

R l £ 2 kft 

R L ^ 1 kft 

±12.5 

±12.0 

±12.0 

±10.5 

±13.0 

±12.8 

±12.6 

±12.0 


±12.5 

±12.0 

±12.0 

±10.5 

±13.0 

±12.8 

±12.6 

±12.0 


V 
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Electrical Characteristics (Continued) 


Unless otherwise specified, Vs = + 15V, Ta = 25°C. Boldface type refers to limits over -55°C ^ Ta ^ +125°C 


Symbol 

Parameter 

Conditions 

OP-07A 

OP-07 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 





SR 

Slew Rate 

R L ^ 2 kH (Note 3) 

0.1 

0.3 


0.1 

0.3 


V/jLlS 

BW 

Closed-Loop Bandwidth 

a VCL = + 1 (Note 3) 

0.4 

0.6 


0.4 

0.6 


MHz 

Ro 

Open-Loop Output 
Resistance 

V 0 = 0, l 0 = o 


60 



60 


a 

Pd 

Power Consumption 

V s = ±15V, No Load 


75 

120 


75 

120 

mW 



V s = ±3V, No Load 


4 

6 


4 

6 


Offset Adj. Range 

R P = 20 kH 


±4 



±4 


mV 

TCVqs 

Average Input Offset 
Voltage Drift Without 
External Trim 

(Note 3) 


0.2 

0.6 


0.3 

1.3 

JLiV/°C 

TCVosn 

With External Trim 

R P = 20 WCt (Note 4) 


0.2 

0.6 


0.3 

1.3 


TCI 0S 

Average Input Offset 
Current Drift 

(Note 3) 


5 

& 

25 


8 

50 

pA/°C 

TCI B 

Average Input Bias Drift 

(Note 3) 


8 

25 


13 

50 

pA/°C 


Note 1: OP-07A grade Vqs is measured approximately one minute after application of power. For all other grades Vos > s measured approximately 0.5 second after 
application of power. 

Note 2: Long-Term Offset Voltage Stability refers to the averaged trend line of Vqs vs time over extended periods after the first 30 days of operation. Excluding the 
initial hour of operation, changes in Vqs during the first 30 operating days are typically 2.5 juV. Parameter is sample tested. 

Note 3: Sample tested. 

Note 4: Guaranteed by design. 

Note 5: The typical 0 ja of the H08 (TO-99) package is 1 55°C/W, the J08 (CERDIP) package is 92° C/W and the N08 (Molded DIP) is 1 00° C/W. The typical 0jc of 
the H08 package is 17.5° C/W. All numbers apply for packages soldered directly into an etched circuit board. 

Note 6: For supply voltages of less than ±22V, the maximum input voltage is 0.5V beyond either supply. 


Simplified Schematic 
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OP-07 


Electrical Characteristics 








Unless otherwise specified, Vs = 

±15V, Ta = 25°C. Boldface type refers to limits over 0°C ^ Ta 

O 

o 

VI 



Symbol 

Parameter 

Conditions 

OP-07E 

OP-07C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

(Note 1 ) 


30 

75 


60 

150 

pV 





45 

130 


85 

250 

v os/t 

Long-Term Vqs 

Stability 

(Note 2) 


0.3 

1.5 


0.4 

2.0 

jliV/Mo 

•os 

Input Offset Current 



0.5 

3.8 


0.8 

6.0 

nA 





0.9 

5.3 


1.6 

8.0 

Ib 

Input Bias Current 



±1.2 

±4.0 


±1.8 

±7.0 

nA 





±1.5 

±5.5 


±2.2 

±9.0 

e np-p 

Input Noise Voltage 

0.1 Hz to 10 Hz (Note 3) 


0.35 

0.6 


0.38 

0.65 

M'Vp-p 

e n 

Input Noise Voltage 

f 0 = 10 Hz 


10.3 

18.0 


10.5 

20.0 



Density 

f 0 = 100 Hz (Note 3) 


10.0 

13.0 


10.2 

13.5 

nV/VHz 



f Q = 1000 Hz 


9.6 

11.0 


9.8 

11.5 


inp-p 

Input Noise Current 

0.1 Hz to 10 Hz (Note 3) 


14 

30 


15 

35 

pAp.p 

■n 

Input Noise Current 

f 0 = 10 Hz 


0.32 

0.80 


0.35 

0.90 



Density 

f 0 = 100 Hz (Note 3) 


0.14 

0.23 


0.15 

0.27 

pA/VHz 



f 0 = 1000 Hz 


0.12 

0.17 


0.13 

0.18 


Rin 

Input Resistance 
Differential-Mode 

(Note 4) 

15 

50 


8 

33 


Ma 

Rincm 

Input Resistance 
Common-Mode 



160 



120 


Ga 

IVR 

Input Voltage Range 


±13.0 

±14.0 


±13 

±14 


V 

CMRR 

Common-Mode 

V CM = ±13V 

106 

123 


100 

120 


dB 


Rejection Ratio 


103 

123 


97 

120 


PSRR 

Power Supply 

V s = ±3V to ± 18V 


5 

20 


7 

32 

JLlV/V 


Rejection Ratio 

V s = ±3V to ±18V 


7 

32 


10 

51 

Avo 

Large Signal 

R l ^ 2ka,V 0 = ± 10 V 

200 

500 


120 

400 




Voltage Gain 

R L ^ 2 ka 

180 

450 


100 

400 


V/mV 



r l ;> 500a,v o = +0.5V, 
V s = ±3V (Note 4) 

150 

400 


100 

400 



v 0 

Output Voltage Swing 

R|_ ^ 10 ka 

±12.5 

±13.0 


±12.0 

±13.0 





R L ^ 2 ka 

±12.0 

±12.8 


±11.5 

±12.8 


\/ 



R L ^ 2 ka 

±12.0 

±12.6 


±11.0 

±12.6 


V 



R|_ ^ 1 ka 

±10.5 

±12.0 



±12.0 



SR 

Slew Rate 

R L ^ 2 ka (Note 3) 

0.1 

0.3 


0.1 

0.3 


V/juS 

BW 

Closed-Loop Bandwidth 

Avcl = +1 (Note 3) 

0.4 

0.6 


0.4 

0.6 


MHz 

Ro 

Output Resistance 

< 

o 

II 

o 

6" 

II 

o 


60 



60 


a 

Pd 

Power Consumption 

V s = ± 15V, No Load 


75 

120 


80 

150 

mW 



V s = +3V, No Load 


4 

6 


4 

8 


Offset Adj. Range 

Rp = 20 ka 


±4 



±4 


mV 

TCVqs 

Average Input Offset 
Voltage Drift Without 
External Trim 

(Note 4) 


0.3 

1.3 


0.5 

1.8 

juiV/ 0 C 

TCVos n 

With External Trim 

R P = 20 ka (Note 4) 


0.3 

1.3 


0.4 

1.6 


TCI 0S 

Average Input Offset 
Current Drift 

(Note 3) 


8 

35 


12 

50 

pA/°C 

tci b 

Average Input Bias 
Current Drift 

(Note 3) 


13 

35 


18 

50 

pA/°C 

1 1 
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Electrical Characteristics 






Unless otherwise specified, Vs = ±15V, Ta = 25°C. Boldface type refers to limits over 0°C ^ Ta ^ 

+ 70°C 


Symbol 

Parameter 

Conditions 

OP-07D 

Units 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

(Note 1) 


60 

150 

ftv 





85 

250 

v os/t 

Long-Term Vqs Stability 

(Note 2) 


0.5 

3.0 

juV/Mo 

■os 

Input Offset Current 



0.8 

6.0 

nA 





1.6 

8.0 

>B 

Input Bias Current 



±2.0 

±12.0 

nA 





±3.0 

±14.0 

e np-p 

Input Noise Voltage 

0.1 Hz to 10 Hz (Note 3) 


0.38 

0.65 

nVp-p 

e n 

Input Noise Voltage Density 

f 0 = 10 Hz 


10.5 

20.0 




f 0 = 100 Hz (Note 3) 


10.3 

13.5 

nV/>/Hz 



f 0 = 1000 Hz 


9.8 

11.5 


•np-p 

Input Noise Current 

0.1 Hz to 10 Hz (Note 3) 


15 

35 

pAp-p 

*n 

Input Noise Current Density 

f 0 = 10 Hz 


0.35 

0.90 

pAA/Hz 



f 0 = 100 Hz (Note 3) 


0.15 

0.27 




f 0 = 1000 Hz 


0.13 

0.18 


Rin 

Input Resistance Differential-Mode 

(Note 4) 

7 

31 


Mn 

r INCM 

Input Resistance Common-Mode 



120 


Gn 

IVR 

Input Voltage Range 


±13 

±14 


V 

CMRR 

Common-Mode 

V CM = ±13V 

94 

110 


dB 


Rejection Ratio 


94 

106 


PSRR 

Power Supply 

V s = ±3V to ± 18V 


7 

32 

JLlV/V 


Rejection Ratio 



10 

51 


Avo 

Large Signal 

R L ^ 2 kn, V 0 = ± 10V 

120 

400 




Voltage Gain 

R L = 2kn, V 0 = ± 10V 
R l ^ 500n,V o = ±0.5V, 
V s ±3V (Note 4) 

100 

400 

400 


V/mV 

v 0 

Output Voltage Swing 

R L ^ 10 kn 

±12.0 

±13.0 





R L ^ 2 ka 

±11.5 

±12.8 


y 



R L ^ 2 kn 

±11.0 

±12.6 





R|_ ^ 1 kn 


±12.0 



SR 

Slew Rate 

R L ^ 2kH (Note 3) 

0.1 

0.3 


V/jus 

BW 

Closed-Loop Bandwidth 

Avcl = + 1 (Note 3) 

0.4 

0.6 


MHz 

RO 

Output Resistance 

< 

o 

II 

o 

6" 

II 

o 


60 


n 

Pd 

Power Consumption 

V s = ± 15V, No Load 


80 

150 

mW 



V s = +3V, No Load 


4 

8 


Offset Adj. Range 

R P = 20 kn 


±4 


mV 

TCV 0S 

Average Input Offset 

Voltage Drift Without 

External Trim 

(Note 4) 


0.7 

2.5 

jllV/°C 

TCVos n 

With External Trim 

R P = 20 kn (Note 4) 


0.7 

2.5 

jLiV/°C 

TCI 0S 

Average Input Offset Current Drift 

(Note 3) 


12 

50 

pA/°C 

tci b 

Average Input Bias Current Drift 

(Note 3) 


18 

50 

pA/°C 

Note 1: OP-07A grade Vqs is measured approximately one minute after application of power. For all other grades Vqs is measured approximately 0.5 second after 

application of power. 






Note 2: Long-Term Offset Voltage Stability refers to the averaged trend line of Vqs vs Time over extended periods after the first 30 days of operation. Excluding | 

the initial hour of operation, changes in Vqs during the first 30 operating days are typically 2.5 fxW. Parameter is sample tested. 



Note 3: Sample Tested. 

Note 4: Guaranteed by design. 
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National 

Semiconductor 


TL081CP Wide Bandwidth JFET 
Input Operational Amplifier 



General Description 

The TL081 is a low cost high speed JFET input operational 
amplifier with an internally trimmed input offset voltage 
(BI-FET I|tm technology). The device requires a low supply 
current and yet maintains a large gain bandwidth product 
and a fast slew rate. In addition, well matched high voltage 
JFET input devices provide very low input bias and offset 
currents. The TL081 is pin compatible with the standard 
LM741 and uses the same offset voltage adjustment circuit- 
ry. This feature allows designers to immediately upgrade the 
overall performance of existing LM741 designs. 

The TL081 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The devices has low noise and offset 
voltage drift, but for applications where these requirements 


are critical, the LF356 is recommended. If maximum supply 
current is important, however, the TL081C is the better 
choice. 


Features 


m Internally trimmed offset voltage 

15 mV 

si Low input bias current 

50 pA 

eb Low input noise voltage 

25 nVA/Rz 

■ Low input noise current 

0.01 pA/^Hz 

si Wide gain bandwidth 

4 MHz 

□ High slew rate 

13 V/jas 

0 Low supply current 

1.8 mA 

m High input impedance 

1012ft 

□ Low total harmonic distortion Av = 10, 

<0.02% 

R l = 10k, V 0 = 20 Vp-p, 


BW = 20 Hz -20 kHz 


□ Low 1 /f noise corner 

50 Hz 

ej Fast settling time to 0.01 % 

2 JLLS 


Typical Connection 

Rf 



TL/H/8358-1 


Connection Diagram 


Simplified Schematic 



Dual-ln-Line Package 



See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Power Dissipation (Notes 1 and 6) 670 mW 

Operating Temperature Range 0°C to + 70°C 

T j(MAX) 1 1 5°C 

Differential Input Voltage ± 30V 

DC Electrical Characteristics (Note 3) 


Input Voltage Range (Note 2) 

Output Short Circuit Duration 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 
0jA 

ESD rating to be determined. 


± 15V 
Continuous 
— 65°C to + 1 50°C 
260°C 
1 20°C/W 


Symbol 

Parameter 

Conditions 

TL081C 

Units 

Min 

Typ 

Max 





V OS 

Input Offset Voltage 

R S = 10 ka,T A = 25°C 


5 

15 

mV 



Over Temperature 



20 

mV 

AV 0S /AT 

Average TC of Input Offset 

Voltage 

R s = 10 ka 


10 


juA//°C 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 


25 

100 

pA 



Tj ^ 70°C 



4 

nA 

•b 

Input Bias Current 

Tj = 25°C, (Notes 3, 4) 


50 

200 

pA 



Tj ^ 70°C 



8 

nA 

r in 

Input Resistance 

Tj = 25°C 


1012 


a 

a vol 

Large Signal Voltage Gain 

V S = ±15V,T a = 25°C 

V 0 = +10V, R l = 2 kCL 

25 

100 


V/mV 



Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V s = ± 15V, R L = 10 ka 

±12 

±13.5 


V 

Vcm 

Input Common-Mode Voltage 

V s = ± 15V 

±11 

+ 15 


V 


Range 

-12 


V 

CMRR 

Common-Mode Rejection Ratio 

Rs ^ io ka 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

70 

100 


dB 

•s 

Supply Current 



1.8 

2.8 

mA 


AC Electrical Characteristics (Note 3) 


Symbol 


Parameter 


Conditions 


TL081C 


Min 


Typ 


Max 


Units 


SR 


Slew Rate 


V s = ± 1 5V, T a = 25°C 


13 


V/jLtS 


GBW 


Gain Bandwidth Product 


V s = ±15V,T A = 25°C 


MHz 


Equivalent Input Noise Voltage 


T a = 25°C, R s = 100 a, 
f = 1000 Hz 


25 


nV/,/Hz 


Equivalent Input Noise Current 


Tj = 25°C, f = 1000 Hz 


0.01 


pA/VHz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 120°C/W junction to ambient for N package. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vs = ±15V and 0°C £T A £ +70°C. Vqs> Ib and tos are measured at Vcm = 0. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, P D . Tj = T A + 0j A Pd where 0j A is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
V s = ±5Vto +15V. 

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 


3-810 







3-811 


TL081CP 



OPEN LOOP VOLTAGE GAIN (V/V) COMMON-MODE REJECTION RATIO MB) DISTORTION (X) 




Pulse Response 


Small Signal Inverting 



TIME (0.2 ps/DI V) 


Small Signal Non-Inverting 



TIME (0.2 ms/DI V) 


Large Signal Inverting 


TL/H/8358-7 


TIME (2 ais/DIV) 


TL/H/8358-13 

Large Signal Non-Inverting 



TIME (2 yus/DI V) 



TL/H/8358-14 


TL/H/8358-15 


Current Limit (Rl = 100H) 



TIME (5 ms/DI V) 


Application Hints 

The TL081 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this 


TL/H/8358-16 


will cause large currents to flow which can result in a de- 
stroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. 

Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
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TL081CP 


Application Hints (Continued) 

resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Detailed Schematic 



common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The TL081 is biased by a zener reference which allows nor- 
mal circuit operation on ±4V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The TL081 will drive a 2 kn load resistance to ± 1 0V over 
the full temperature range of 0°C to +70°C. If the amplifier 
is forced to drive heavier load currents, however, an in- 
crease in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the 
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Typical Applications 


Supply Current Indicator/Limiter 



TO SYSTEM SUPPLY 
VOLTAGE CONNECTION 


TO CONTROL CIRCUITRY 


Hi-Z|N Inverting Amplifier 



• Vqut switches high when RsIs > Vq 


Parasitic input capacitance Cl ^ (3 pF for TL081 plus any additional 
layout capacitance) interacts with feedback elements and creates un- 
desirable high frequency pole. To compensate, add C2 such that: 
R2C2 = R1C1. 


Ultra-Low (or High) Duty Cycle Pulse 
Generator 


Long Time Integrator 


RESET .12 


1N914 R2 


1 " TL081 


• ^OUTPUT HIGH ~ R1C / n 4 ~ _ — 

2Vc - 7.8 

* ^OUTPUT LOW ~ R2C £ n — — — 

where Vs = V+ + |V“| 

*low leakage capacitor 



V ° UT= RC Jf V|N DIT 
l 1 


* Low leakage capacitor 

• 50k pot used for less sensitive Vqs adjust 
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National 

Semiconductor 


TL082CP Wide Bandwidth Dual 
JFET Input Operational Amplifier 



General Description 

These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input offset 
voltage (BI-FET IItm technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
TL082 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance 
of existing LM1558 and most LM358 designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage, low input bias current, high input impedance, high 
slew rate and wide bandwidth. The devices also exhibit low 
noise and offset voltage drift. 


Features 


■ Internally trimmed offset voltage 

15 mV 

■ Low input bias current 

50 pA 

■ Low input noise voltage 

16nV/\/Hz 

h Low input noise current 

0.01 pA/l/Hz 

■ Wide gain bandwidth 

4 MHz 

■ High slew rate 

13 V/juts 

a Low supply current 

3.6 mA 

b High input impedance 

1012a 

b Low total harmonic distortion Ay = 10, 

<0.02% 

R l = 10k, V 0 = 20 Vp - p, 


BW = 20 Hz -20 kHz 


b Low 1/f noise corner 

50 Hz 

b Fast settling time to 0.01 % 

2 juts 


Typical Connection 

Rf 



Simplified Schematic 


TL/H/8357-1 


Connection Diagram 


Dual-ln-Line Package (Top View) 



TL/H/8357-3 

Order Number TL082CP 
See NS Package Number N08E 



TL/H/8357-2 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage ± 1 8V 

Power Dissipation (Note 1 ) 

Operating Temperature Range 0°C to + 70°C 

Tj(MAX) 1 50°C 

DC Electrical Characteristics (Note 4) 

Symbol Parameter 

Vos Input Offset Voltage Rs = ‘ 


Differential Input Voltage 
Input Voltage Range (Note 2) 

Output Short Circuit Duration 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 
ESD rating to be determined. 


v os 


AVos/AT 

los 

Ib 


Average TC of Input Offset 
Voltage 

Input Offset Current 

Input Bias Current 

Input Resistance 
Large Signal Voltage Gain 


Output Voltage Swing 

Input Common-Mode Voltage 
Range 

Common-Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Supply Current 


Conditions 


R s = 10 kft, T a = 25°C 
Over Temperature 


R s = 10 ka 


T) = 25°C, (Notes 4, 5) 
Tj ^ 70°C 

Tj = 25°C, (Notes 4, 5) 


V s = ±15V,T A = 25°C 
V 0 = ±10V, R l = 2kft 
Over Temperature 

V s = ± 15V, R l = 10 kft 
V s = ± 15V 

R s ^ 10 ka 

(Note 6) 


±30V 
± 15V 
Continuous 
— 65°C to + 1 50°C 
260°C 


TL082C | 


Typ 

Max 


5 

15 

mV 


20 

mV 

10 


juV/°C 

25 

200 

pA 


4 

nA 

50 

400 

pA 


8 

nA 

1012 


ft 

100 


V/mV 



V/mV 

±13.5 


V 

+ 15 


V 

-12 


V 

100 


dB 

100 


dB 

3.6 

5.6 

mA 


AC Electrical Characteristics (Note 4) 

Symbol Parameter 


Parameter 

Conditions 

Min 

TL082C 

Typ 

Max 

Units 

Amplifier to Amplifier Coupling 

T a = 25°C, f = 1 Hz- 
20 kHz (Input Referred) 


-120 


dB 

Slew Rate 

V s = ± 15V, T a = 25°C 

8 

13 


V/jllS 

Gain Bandwidth Product 

V s = ± 1 5V, T a = 25°C 


4 


MHz 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft, 
f = 1000 Hz 


25 


nV/l/Hz 

Equivalent Input Noise Current 

Tj = 25°C,f = 1000 Hz 


0.01 


pA/\/Hz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 115°C/W junction to ambient for the N package. 
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: The power dissipation limit, however, cannot be exceeded. 

Note 4: These specifications apply for Vs = ±15V and 0°C ^T A ^ +70°C. Vos. 'b and Iqs are measured at Vqm = 0. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 1 0°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pp. Tj = T a + 0j A Pd where 0j A is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 

V s = ±6V to ± 15V. 
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Typical Performance Characteristics 


Input Bias Current 



-10 -50 5 10 


Input Bias Current 



0 10 20 30 40 50 60 70 


COMMON MODE VOLTAGE (V) 


TEMPERATURE ( C) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (iV) 


Positive Common-Mode Input 
Voltage Limit 



0 5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 


Negative Common-Mode Input 



0 5 10 15 20 

NEGATIVE SUPPLY VOLTAGE (V) 


Positive Current Limit 


— 


s. 








N 

V, 











2 

J 

5 C 

u 





~W 

c 


1 

0 

5 









„ 















0 10 20 30 40 


OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 







V 




H\ 




- 

p25"C 



70 C 

0 c 







0 10 20 30 40 


OUTPUT SINK CURRENT (mA) 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 



Gain Bandwidth 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 



TL/H/8357-4 
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Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 



100k 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



V s = '* 15V 
R L = 2k 

s 

1 

1 

T A = 25 C 

V. 


CMRR = 20 LOG — — + OPEN LOOP 
V CM 

VOLTAGE GAIN I I 


0 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection 
Ratio 



IK 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



Open Loop Voltage 
Gain (V/V) 


Output Impedance 



Inverter Settling Time 


10 is 

SUPPLY VOLTAGE (♦ V) 


100 Ik 10k 100k INI 10M 

FREQUENCY (Hz) 


SETTLING TIME iu$) 






Pulse Response 


Small Signal Inverting 


Small Signal Non-Inverting 



TIME (0.2 /js/DIV) 


TIME (0.2 ,us/DI V) 


Large Signal Inverting 


Large Signal Non-Inverting 



TIME (2 us/ DIV) 


TIME (2 WDIV) 


Current Limit (Rl = 10011) 



TIME (5 /us/OIV) 


Application Hints 

These devices are op amps with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 


should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 
Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
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Application Hints (Continued) 

does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kfi load resistance to ± 1 0V 
over the full temperature range of 0°C to +70°C. If the am- 
plifier is forced to drive heavier load currents, however, an 
increase in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 


in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Detailed Schematic 
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Typical Applications 


Three-Band Active Tone Control 


BOOST -CUT 



TL/H/8357-12 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 

Note 1: All controls flat. 

Note 2: Bass and treble boost, mid flat. 
Note 3: Bass and treble cut, mid flat. 
Note 4: Mid boost, bass and treble flat. 
Note 5: Mid cut, bass and treble flat. 


TL/H/8357-13 


• All potentiometers are linear taper 

• Use the LF347 Quad for stereo applications 
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Typical Applications (Continued) 

Improved CMRR Instrumentation Amplifier 


Vs 



I I 

-vs -Vs' 



dr and i are separate isolated grounds 

Matching of R2’s, R4’s and R5’s control CMRR 

With Ay T =. 1400, resistor matching = 0.01%: CMRR = 136 dB 

• Very high input impedance 

• Super high CMRR 


TL/H/8357-14 


Fourth Order Low Pass Butterworth Filter 


c 



• Passband gain (H 0 ) = (1 + R4/R3) (1 + R47R3’) 

• First stage Q = 1.31 

• Second stage Q = 0.541 

• Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 
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Typical Applications (Continued) 

Fourth Order High Pass Butterworth Filter 


R1 



TL/H/8357-16 

• Comer frequency (f 0 ) = = 

• Passband gain (Ho) = (1 + R4/R3) (1 + R47R3’) 

• First stage Q = 1.31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10 


Ohms to Volts Converter 



TL/H/8357-17 


v 0 = ; 


-X R X 


^LADDER 

Where Rladder is the resistance from switch SI pole to pin 7 of the TL082CP. 
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Section 4 

Buffers 
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National 

Semiconductor 


Buffers 

Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 /a/ 2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. 

% harmonic = (V2 2 + V32 + V4? + ■ . . )^ (100%) 
distortion VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range: The range of volt- 
ages on the input terminals for which the amplifier is opera- 
tional. Note that the specifications are not guaranteed over 
the full common-mode voltage range unless specifically 
stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (RJ. 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (R|_). 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (R|_). 
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National 

Semiconductor 

Buffers Selection Guide (Notes land 2) 

Device 

Type 

Key Features 

Slew Rate 
(V/jus) 

Bandwidth 
— 3 dB (MHz) 

Gain 

(A V ) 

Output 

(V,mA) 

Full Power BW 
(MHz @ V PP , R L ) 

Test 

Conditions 

LH4012 

Super Fast, High Current 

11,500 

460 

0.93 

±11.4, ±230 

180 @ 20, 50 

R L = 50, V s = ± 15V 

LH4009 

LH4008 Type with Short 
Circuit Protection 

8000 

190 

0.87 

±11, ±220 

130 @20, 50 

R l = 50, V s = ± 15V 

LH4008 

FET Input, High Current, 
Ultra Fast 

7000 

180 

0.94 

±12, ±240 

110 @20, 50 

R L = 50, V s = ± 15V 

LH4011 

Very Fast, High Current 

5000 

160 

0.94 

±11.4, ±230 

80 @ 20, 50 

R L = 50, V s = ± 15V 

LH4010 

FET Input, High Speed 

2500 

200 

0.97 

±9, ±90 

80 @ 10, Ik 

R L = Ik, V s = ± 15V 

LH0063 

FET Input, Very Fast 

2400 

200 

0.93 

±13, ±260 

40 @ 20, 50 

R L = 50, V s = ± 15V 

LH4063 

Low Cost LH0063 

2400 

200 

0.93 

±13, ±260 

40 @ 20, 50 

R L = 50, V s = ± 15V 

LH0033 

FET Input, High Speed 

1500 

100 

0.98 

±9, ±90 

24 @20, Ik 

Rl = Ik, V s = ± 15V 

LH4033 

Low Cost LH0033 

1400 

100 

0.98 

±9, ±90 

20 @20, Ik 

R L = 1k,V s = ±15V 

LH4002 

Wideband Video Buffer 

1250 

200 

0.97 

±2.2, ±44 

100 @4, 50 

R L = 50, V s = +5V 

LH4003 

Precision Buffer 

1000 

250 

0.98 

±3, ±60 

80 @4, 50 

R L = 50, V s = ±6V 

LH4006 

Precision Buffer 

1000 

350 

0.98 

±3, ±60 

80 @ 4, 50 

R l « 50, V s = ±6V 

LM61 21/61 25 

High Speed VIPtm Buffer 

800 

50 

0.90 

±12, ±240 

10.6 @ 12, 50 

Rl = 50, V s = ± 15V 

LH4004 

Current Feedback Buffer 

600 

125 

0.98 

±4.5, ±90 

40 @ 5, 50 

R L = 50,V S = ± 12V 

LH0002 

Medium Speed 

200 

30 

0.97 

±10, ±100 

3 @20, Ik 

Rl = 1k,v s = ± 12V 

LH4001 

Low Cost LH0002 

125 

25 

0.97 

±10, ±100 

4 @ 10, 100 

R l = 100, V s = ±12V 

LH2110 

Dual Voltage Follower 

30 

20 

0.999 

±10, ±10 

0.5 @20, 10k 

Rl = 10k, V s = ± 15V 

i— 

o 

ro 

o 

CO 

o 

Voltage Follower 

30 

20 

0.9999 

±10, ±10 

0.5 @ 20, 10k 

r l = 10k, V s = ± 15V 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 

Note 2: 200°C Temp Range Parts are available. Consult local sales office for information. 
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National 
Semiconductor 

LH0002/LH0002C Current Amplifier 

General Description 

The LH0002/LH0002C is a general purpose current amplifi- 
er. 

Features 

■ High input impedance 400 kft 

■ Low output impedance 6fi 

■ High power efficiency 

■ Low harmonic distortion 

■ DC to 30 MHz bandwidth 

■ Output voltage swing that approaches supply voltage 

■ 400 mA pulsed output current 

■ Slew rate is typically 200 V//as 

■ Operation from ±5V to ±20V 

These features make it ideal to integrate with an operational 
amplifier inside a closed loop configuration to increase cur- 
rent output. The symmetrical output portion of the cir- 


cuit also provides a low output impedance for both the posi- 
tive and negative slopes of output pulses. 

The LH0002 is available in an 8-lead low-profile TO-5 head- 
er and a 20-pin leadless chip carrier; the LH0002C is also 
available in an 8-lead TO-5, and a 10-pin molded dual-in-line 
package. 

The LH0002 is specified for operation over the -55°C to 
+ 1 25°C military temperature range. The LH0002C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 

Applications 

■ Line driver 

■ 30 MHz buffer 

■ High speed D/A conversion 

■ Instrumentation buffer 

■ Precision current source 



Schematic and Connection Diagrams 

v v 



Pin numbers in parentheses denote pin 
connections for dual-in-line package. 


Metal Can Package 


INPUT 



Order Number LH0002H or LH0002CH 
See NS Package Number H08D 


Dual-ln-Line Package 



See NS Package Number N10A 


Leadless Chip Carrier 



See NS Package Number E20A 


TL/H/5560-6 
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LH0002/LH0002C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Supply Voltage ± 22 V 

Power Dissipation Ambient 600 mW 

Input Voltage (Equal to Power Supply Voltage) 

Storage Temperature Range -65°Cto +150°C 

Operating Temperature Range 
LH0002 — 55°C to + 125°C 

LH0002C 0°C to + 85°C 

Electrical Characteristics (Notei) 


Steady State Output Current 
Pulsed Output Current (50 ms On/1 sec. Off) 
Lead Temperature Soldering (10 seconds) 
Metal Can 
Plastic 

ESD rating to be determined. 


±100 mA 
±400 mA 

300°C 

260°C 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Voltage Gain 

R s = lOkft, R L = 1.0kn,V| N = ±10V 

0.95 

0.97 



AC Current Gain 

V|N = 1 .0 Vrms, f = 1 .0 kHz 


40 


A/mA 

Input Impedance 

R s = 200 k ft, V IN = ±1 .0V, R L = 1 .0 kft 

180 

400 


kft 

Output Impedance 

V| N = ±1.0V, R L = 50ft, R s = 10 kft 


6.0 

10 

ft 

Output Voltage Swing 

R l = 1.0kfl,V| N = ± 12V 

±10 

±11 


V 

Output Voltage Swing 

V s = ± 15V, V| N = ± 12V, R s = 50ft, R l = 100ft, T A = 25°C 

±10 



V 

DC Output Offset Voltage 

Rg = 300ft, R[_ =1.0 kft 


±10 

±30 

mV 

DC Input Offset Current 

R s = 10 kft, Rl = 1.0 kft 


±6.0 

±10 

jjlA 

Harmonic Distortion 

V| N = 5.0 Vrms, f = 1.0 kHz 


0.1 


% 

Rise Time 

R L = 50ft, AV| N = 100 mV 


7.0 

12 

ns 

Positive Supply Current 

R s = 10 kft, Rl = 1.0 kft 


+ 6.0 

+ 10 

mA 

Negative Supply Current 

R s = 10 kft, R l = 1.0 kft 


-6.0 

-10 

mA 


Note 1: Specification applies for Ta = 25°Cwith + 12V on Pins 1 and 2; -12V on Pins 6 and 7 for the metal can package and + 12V on Pins 1 and 2; -12V on 
Pins 4 and 5 for the dual-in-line package unless otherwise specified. The parameter guarantees for LH0002C apply over the temperature range of 0°C to +85°C, 
while parameters for the LH0002 are guaranteed over the temperature range -55°C to + 125°C unless otherwise specified. 

Note 2: Refer to RETS0002X for LH0002 military specifications. 


Typical Applications 


High Current Operational Amplifier 



‘Previously called NH0002/NH0002C 


Line Driver 

SELECT CAPACITOR TO ADJUST 
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Typical Performance Characteristics 


Maximum Power Dissipation 
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 



National 
Semiconductor 

LH0033/LH0033A/LH0033C/LH0033AC/LH0063/ 
LH0063C Fast and Ultra Fast Buffer Amplifiers 


General Description 

The LH0033/LH0033A and LH0063 are high speed, FET 
input, voltage follower/buffers designed to provide high cur- 
rent drive at frequencies from DC to over 100 MHz. The 
LH0033/ LH0033A will provide ±10 mA into 1 k n loads 
(±100 mA peak) at slew rates of 1500V/jus. The LH0063 
will provide ±250 mA into 5011 loads (±500 mA peak) at 
slew rates up to 6000V/jas. In addition, both exhibit excel- 
lent phase linearity up to 20 MHz. 

Both are intended to fulfill a wide range of buffer applica- 
tions such as high speed line drivers, video impedance 
transformation, nuclear instrumentation amplifiers, op amp 
isolation buffers for driving reactive loads and high imped- 
ance input buffers for high speed A to Ds and comparators. 
In addition, the LH0063 can continuously drive 5011 coaxial 
cables or be used as a yoke driver for high resolution CRT 
displays. For additional applications information, see AN-48. 
These devices are constructed using specially selected 
junction FETs and active laser trimming to achieve guaran- 
teed performance specifications. The LH0033/LH0033A 
and LH0063 are specified for operation from -55°C to 
+ 125°C; whereas, the LH0033C/LH0033AC and LH0063C 
are specified from -25°C to -F85°C. The LH0033/ 


LH0033A is available in either a 1.5W metal TO-8 package 
or an 8-pin ceramic dual-in-line package. The LH0063 is 
available in a 5W 8-pin TO-3 package. 

Features 

■ Ultra fast (LH0063): 6000 V/jts 

■ Wide range single or dual supply operation 

■ Wide power bandwidth: DC to 100 MHz 

■ High output drive: ±10V with 5011 load 

■ Low phase non-linearity: 2 degrees 

■ Fast rise times: 2 ns 

■ High current gain: 120 dB 

■ High input resistance: 10 10 H 

Advantages 

■ Only 10V supply needed for 5 Vp-p video out 

■ Speed does not degrade system performance 

■ Wide data rate range for phase encoded systems 

■ Output drive adequate for most loads 

■ Single pre-calibrated package 


Connection Diagrams 


LH0033G 

Metal Can Package 



TOP VIEW 

TL/K/5507-1 

Case is electrically isolated 


LH0033J 

Dual-In-Line Package 


INPUT - 

OFFSET 
PRESET " 
OFFSET . 
ADJUST 

OUTPUT - 




TOP VIEW 


TL/K/5507-2 


LH0063K 

Metal Can Package 



Case is electrically isolated 


Leadless Chip Carrier 


Order Number LH0033G, LH0033AG, LH0033CG, 
LH0033ACG, LH0063K, LH0063CK, 
LH0033J or LH0033CJ 

See NS Package Number G12B, HY08A or K08A 



Order Number LH0033E 
See NS Package Number E48B 


TL/K/5507-27 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, Peak Output Current 

please contact the National Semiconductor Sales LH0063/LH0063C ± 500 mA 

Office/Distributors for availability and specifications. LH0033A/LH0033AC/ 

(Notes 5 & 7) LH0033/LH0033C ±250 mA 

Supply Voltage (V + -V _ ) 40V Operating Temperature Range 

Maximum Power Dissipation (See Curves) LH0033A/LH0033 and LH0063 — 55°Cto +125°C 

LH0063/LH0063C 5W LH0033AC/LH0033C and LH0063C — 25°Cto+85°C 

LH0033A/LH0033AC/LH0033/LH0033C 1.5W Storage Temperature Range -65° to +150°C 

Maximum Junction Temperature 1 75°C Lead Temp. (Soldering, 1 0 seconds) 300°C 

Input Voltage ±V§ ESD rating to be determined. 

Continuous Output Current 

LH0063/LH0063C ±250 mA 

LH0033A/LH0033AC/LH0033/LH0033C ± 1 00 mA 

DC Electrical Characteristics Vs=±15V, Tmin<T a <Tm A x. unless otherwise specified, (Notel) 

Parameter 

Conditions 

LH0033A 

LH0033AC 

LH0033 

LH0033C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Offset 
Voltage 

R s =100n,Tj = 25°C, 
V| N = 0V (Note 2) 
R s =ioon 


1 

5 

10 


6 

15 

20 


5.0 

10 

15 


12 

20 

25 

mV 

mV 

Average 
Temperature 
Coefficient of 

Offset Voltage 

R s =ioon, V| N =ov 
(Note 3) 


50 

100 


50 

100 


50 

100 


50 

100 

jaV/°C 

Input Bias 

Current 

V| N — ov 

Tj = 25°C (Note 2) 

T a = 25°C (Note 4) 

Tj=t a =t M ax 



100 

1.5 

7.5 



250 

2.5 

10 



250 

2.5 

10 



500 

5.0 

20 

pA 

nA 

nA 

Voltage Gain 

v 0 =±iov, 

R s = 100ft, 

R L = I.Okft 

0.97 

0.98 

1.00 

0.96 

0.98 

1.00 

0.97 

0.98 

1.00 

0.96 

0.98 

1.00 

V/V 

Input 

Impedance 

R L =1 kft 

1010 

ion 


ioio 

ion 


1010 

ion 


ioio 

ion 


ft 

Output 

Impedance 

V| N = ±1.0V, 

R|_= 1.0k 


6.0 

10 


6.0 

10 


6.0 

10 


6.0 

10 

ft 

Output 

Voltage Swing 

V|= ± 14V, R L = 1.0k 
V|= ± 10.5V, 

R l = 100ft, T a = 25°C 

±12 

±9.0 



±12 

±9.0 



±12 

±9.0 



±12 

±9.0 



V 

V 

Supply Current 

V| N = 0V (Note 5) 


20 

22 


21 

24 


20 

22 


21 

24 

mA 

Power Consumption 

V| N = 0V 


600 

660 


630 

720 


600 

660 


630 

720 

mW 

AC Electrical Characteristics Tj=25°c,v s =±i5v, r s =5o n, R L =i.oKa (Note 6) 

Parameter 

Conditions 

LH0033A 

LH0033AC 

LH0033 | 

LH0033C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Slew Rate 

V| N = ± 10V 

1000 

1500 


1000 

1400 


1000 

1500 


1000 

1400 


V//AS 

Bandwidth 

V|n = 1.0 Vrms 


100 



100 



100 



100 


MHz 

Phase Non-Linearity 

BW= 1.0Hz to 20 MHz 


2.0 



2.0 



2.0 



2.0 


degrees 

Rise Time 

AV| N = 0.5V 


2.9 



3.2 



2.9 



3.2 


ns 

Propagation Delay 

AV| N = 0.5V 


1.2 



1.5 



1.2 



1.5 


ns 

Harmonic Distortion 

f>1 kHz 


<0.1 



<0.1 



<0.1 



<0.1 


% 

Note 1: LH0033 and LH0033A are 100% production tested as specified at 25° C, 125°C, and-55°C. LH0033AC/C are 100% production tested at 25°C only. 
Specifications at temperature extremes are verified by sample testing, but these limited are not used to calculate outgoing quality level. 

Note 2: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vqs may change one to several mV, and Iq will change significantly during warm-up. Refer to Ib vs temperature graph for expected values. 

Note 3: LH0033 and LH0033A are 100% production tested for this parameter. LH0033AC/C are sample tested only. Limits are not used to calculate outgoing 
quality levels. AVos/AT is the average value calculated from measurements at 25°C and Tmax- 

Note 4: Measured in still air 7 minutes after application of power. Guaranteed through correlated automatic pulse testing. 

Note 5: Guaranteed through correlated automatic pulse testing at T j = 25°C. 

Note 6: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 

Note 7: Refer to RETS0033AG for the LH0033AG and RETS0033G for the LH0033G military specifications. 
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 




LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 


DC Electrical Characteristics Vs= ± 15V, Tmin^Ta^Tmax unless otherwise specified (Note 1) 


Parameter 

Conditions 

LH0063 

LH0063C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Offset Voltage 

R s ^100kfl, Tj = 25°C, R L =100a (Note 2) 


10 

25 


10 

50 

mV 





100 



100 

mV 

Average Temperature 
Coefficient of Output 
Offset Voltage 

R s ^100 k n 


300 



300 


jU,V/°C 

Input Bias Current 

Tj = 25 0 C (Note 2) 


10 

30 


10 

30 

nA 





100 



100 

nA 

Voltage Gain 

V| N =±iov, r s ^ioo kn, r l = i k n 

0.94 

0.96 

1.0 

0.94 

0.96 

1.0 

V/V 

Voltage Gain 

V| N = ±10V, R s < 100 kn, R L =50n 

Tj = 25°C 

0.92 

0.93 

0.98 

0.91 

0.93 

0.98 

V/V 

Input Capacitance 

Case Shorted to Output 


8.0 



8.0 


PF 

Output Impedance 

VoUT= ±10V, R s <100 kn, R L =50n 


1.0 

4.0 


1.0 

4.0 

n 

Output Current Swing 

V| N = ± 10V, Rs^lOO kn 

0.2 

0.25 


0.2 

0.25 


A 

Output Voltage Swing 

R[_= son 

±10 

±13 


±10 

±13 


V 

Output Voltage Swing 

Vs = ± 5.0V, R L = 50n, Tj = 25°C 

5.0 

7.0 


5.09 

7.0 


Vp-p 

Supply Current 

Tj = 25°C, R l = 00 , V s = ± 15V 
(Note 3) 


35 

65 


35 

65 

mA 

Supply Current 

V s =± 5.0V (Note 3) 


50 



50 


mA 

Power Consumption 

Tj = 25°C, R l = oo, v s = ±15V 


1.05 

1.95 


1.05 

1.95 

W 

Power Consumption 

V S — +5.0V 


500 



500 


mW 


AC Electrical Characteristics tj=25°c, v s = ±isv, R S =5on, R L =5on (Note4) 



Note 1: LH0063 is 100% production tested as specified at 25°C, 125°C, and -55°C. LH0063C is 100% production tested at 25°C only. Specifications at 
temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level. 

Note 2: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vos may change one to several mV, and Ib ans los will change significantly during warm-up. Refer to Ib and los vs temperature graph for expected 
values. 

Note 3: Guaranteed through correlated automatic pulse testing at Tj = 25°C. 

Note 4: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 

Note 5: Refer to RETS0063K for the LH0063K military specifications. 
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VOLTAGE GAIN (V/V) OUTPUT VOLTAGE ( ±V) SUPPLY CURRENT (±mA) POWER DISSIPATION (W) 












LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 


Typical Performance Characteristics (Continued) 

LH0033 Input Bias Current 
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TL/K/5507-5 


Application Hints 

RECOMMENDED LAYOUT PRECAUTIONS 

RF/video printed circuit board layout rules should be fol- 
lowed when using the LH0033 and LH0063 since they will 
provide power gain to frequencies over 100 MHz. Ground 
planes are recommended and power supplies should be de- 
coupled at each device with low inductance capacitors. In 
addition, ground plane shielding may be extended to the 
metal case of the device since it is electrically isolated from 
internal circuitry. Alternatively the case should be connected 
to the output to minimize input capacitance. 

OFFSET VOLTAGE ADJUSTMENT 

Both the LH0033’s and LH0063’s offset voltages have been 
actively trimmed by laser to meet guaranteed specifications 
when the offset preset pin is shorted to the offset adjust pin. 
This pre-calibration allows the devices to be used in most 
DC or AC applications without individually offset nulling 
each device. If offset null is desirable, it is simply obtained 
by leaving the offset preset pin open and connecting a trim 
pot of 1000 for the LH0033 or 1 kfl for the LH0063 be- 
tween the offset adjust pin and V - , as illustrated in Figures 
1 and 2. 



TL/K/5507-6 

FIGURE 1. Offset Zero Adjust for LH0033 
(Pin numbers shown for TO-8) 



+ 15V 


OUTPUT 


TL/K/5507-7 

FIGURE 2. Offset Zero Adjust for LH0063 
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Application Hints (Continued) 

OPERATION FROM SINGLE OR ASYMMETRICAL 
POWER SUPPLIES 

Both device types may be readily used in applications where 
symmetrical supplies are unavailable or not desirable. A typ- 
ical application might be an interface to a MOS shift register 
where V+ = + 5VandV _ = -12V. In this case, an appar- 
ent output offset occurs due to the device’s voltage gain of 
less than unity. This additional output offset error may be 
predicted by: 

(V + — V - ) 

AV 0 s (1 - A v ) 1 = 0.005(V + - V " ) 

where: 

Av = No load voltage gain, typically 0.99 
V+ = Positive supply voltage 
V" = Negative supply voltage 
For the above example, AVq would be -35mV. This may 
be adjusted to zero as described in Figure 2. For AC cou- 
pled applications, no additional offset occurs if the DC input 
is properly biased as illustrated in the Typical Applications 
section. 


SHORT CIRCUIT PROTECTION 

In order to optimize transient response and output swing, 
output current limit has been omitted from the LH0033 and 
LH0063. Short circuit protection may be added by inserting 
appropriate value resistors between V+ and Vc + pins and 
V - and Vq pins as illustrated in Figures 3 and 4. Resistor 
values may be predicted by: 


v+ v- 

R LIM- , = — 

>SC 'SC 

where: 

Isc^lOO mA for LH0033 
l S c^250 mA for LH0063 


V+ v+ 




TL/K/5507-8 


TL/K/5507-9 


FIGURE 3. LH0033 Using Resistor Current Limiting FIGURE 4. LH0063 Using Resistor Current Limiting 
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 



LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 


Application Hints (Continued) 

The inclusion of limiting resistors in the collectors of the 
output transistors reduces output voltage swing. Decoupling 
Vq+ and Vc - pins with capacitors to ground will retain full 
output swing for transient pulses. Alternate active current 
limit techniques that retain full DC output swing are shown in 
Figures 5 and 6. In Figures 5 and 6, the current sources are 
saturated during normal operation, thus apply full supply 
voltage to the Vq pins. Under fault conditions, the voltage 
decreases as required by the overload. 

For Figure 5: 


r lim = 


V BE , 

Isc 


0.6V 
60 mA 


= 100 


In Figure 6, quad transistor arrays are used to minimize can 
count and: 


r LIM = 


Vbe 


0.6V 


1/3(lsc) 1/3(200 mA) 


= 8.20 



OUTPUT 


0.01 


-15V 

TL/K/5507-10 


FIGURE 5. LH0033 Current Limiting 
Using Current Sources 



Using Current Sources 


CAPACITIVE LOADING 

Both the LH0033 and LH0063 are designed to drive capaci- 
tive loads such as coaxial cables in excess of several thou- 
sand picofarads without susceptibility to oscillation. Howev- 
er, peak current resulting from (Cxdy/dt) should be limited 
below absolute maximum peak current ratings for the de- 
vices. 

Thus for the LH0033: 

( — At^) X( ^ L ^ OUT^ ±250 mA 
and for the LH0063: 

xC L^ 1 OUT^ ±50 ° mA 

In addition, power dissipation resulting from driving capaci- 
tive loads plus standby power should be kept below total 
package power rating: 

PDPkg.^PDC + PAC 
P D pkg.^(V+-V-)xl s + P A c 

P AC ~ (V P'P)^ X f X C L 
where: 

Vp-p=Peak-to-peak output voltage swing 
f = Frequency 
Cl = Load Capacitance 
OPERATION WITHIN AN OP AMP LOOP 
Both devices may be used as a current booster or isolation 
buffer within a closed loop with op amps such as LH0032, 
LH0062, or LM118. An isolation resistor of 470 should be 
used between the op amp output and the input of LH0033. 
The wide bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the characteristics of 
the op amp and that additional rolloff is not required. 

HARDWARE 

In order to utilize the full drive capabilities of both devices, 
each should be mounted with a heat sink particularly for 
extended temperature operation. The cases of both are iso- 
lated from the circuit and may be connected to the system 
chassis. 

DESIGN PRECAUTION 

Power supply bypassing is necessary to prevent oscillation 
with both the LH0033 and LH0063 in all circuits. Low induc- 
tance ceramic disc capacitors with the shortest practical 
lead lengths must be connected from each supply lead 
(within <y 4 to y 2 " of the device package) to a ground 
plane. Capacitors should be one or two 0.1 ju,F in parallel for 
the LH0033; adding a 4.7 jliF solid tantalum capacitor will 
help in troublesome instances. For the LH0063, two 0.1 juF 
ceramic and one 4.7 juF solid tantalum capacitors in parallel 
will be necessary on each supply lead. 


4-14 



Schematic Diagrams 

LH0033/LH0033A LH0063 


INPUT 


12 V + 



SHORTED TL/K/5507-12 


2 V + 



NORMALLY 

SHORTED 


Pin numbers shown for TO-8 (“G”) package. 
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Typical Applications 


High Speed Automatic Test Equipment 
Forcing Function Generator 

2N4391 



TL/K/5507-14 
















National 
Semiconductor 

LH21 10/LH2210/LH2310 
Dual Voltage Followers 

General Description 

The LH21 10 series of dual voltage followers are two LM1 10 
type followers in a single hermetic package. Featuring all 
the same performance characteristics of the single, these 
duals offer in addition closer thermal tracking, lower weight, 
reduced insertion cost and smaller size than two singles. 
For additional information, see the LM110 data sheet and 
National’s Linear Applications Handbook. 

The LH2110 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LH2210 is speci- 
fied for operation over the -25°C to +85°C temperature 
range. The LH2310 is specified for operation over the 0°C to 
+ 70°C temperature range. 


Features 

■ Low input current 1 nA 

■ High input resistance 10 1( to 

■ High slew rate 30V/ju,s 

■ Wide bandwidth 20 MHz 

■ Wide operating supply range ±5V to ±18V 

■ Output short circuit proof 



Connection Diagram 


Auxiliary Circuits 



Order Number LH2110D, LH2210D or LH2310D 
See NS Package Number D16C 


Increasing Negative Swing Under Load 



Offset Balancing Circuit 


R1 

Ik 
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LH2110/LH2210/LH2310 



LH21 10/LH2210/LH2310 


Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Output Short Circuit Duration (Note 3) 

Continuous 

please contact the National 

Semiconductor Sales Operating Temperature Range LH21 10 -55°Cto +125°C 

Office/Distributors for availability and specifications. 



LH2210 — 25°C to +85°C 

Supply Voltage 

± 18V 



LH2310 

0°C to +70°C 

Power Dissipation (Note 1 ) 

500 mW Storage T emperature Range 

— 65°C to + 1 50°C 

Input Voltage (Note 2) 

± 1 5V Lead T emperature (Soldering, 1 0 sec.) 

300° C 

Electrical Characteristics Each side (Note 4) 





Parameter 

Conditions 

Limits 

Units 

LH2110 

LH2210 

LH2310 




Input Offset Voltage 

T a = 25°C 

4.0 

4.0 

7.5 

mV Max 

Input Bias Current 

T a = 25°C 

3.0 

3.0 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

1010 

1010 

ioio 

a Min 

Input Capacitance 


1.5 

1.5 

1.5 

pFTyp 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V 
Vout= ±iov, R l = 8ka 

0.999 

0.999 

0.999 

V/V Min 

Output Resistance 

T a = 25°C 

2.5 

2.5 

2.5 

a Max 

Supply Current (Each Amplifier) 

T a = 25°C 

5.5 

5.5 

5.5 

mA Max 

Input Offset Voltage 


6.0 

6.0 

, io 

mV Max 

Offset Voltage 

— 55°C ^ T a <; 85°C 

6 

6 

10 

/xV/°C Typ 

Temperature Drift 

T a = 125°C 

12 

12 


Input Bias Current 


10 

10 

10 

nA Max 

Large Signal Voltage Gain 

V s = ±15V,V 0 UT = ±10V 

R l = 10 ka 

0.999 

0.999 

0.999 

jliV/V Min 

Output Voltage Swing (Note 5) 

V s = ± 15V, R L = 10 ka 

±10 

±10 

±10 

V Min 

Supply Current (Each Amplifier) 

T a = 125°C 

4.0 

4.0 


mA Max 

Supply Voltage Rejection Ratio 

±5V £ V s ^ ± 1 8V 

70 

70 

70 

dB Min 

Note 1: The maximum junction temperature of the LH21 10 is 1 50°C, while that of the LH2210 is 100°C and that of the LH2310 is 85°C. For operating devices in the 
flat package at elevated temperatures, the derating is based on a thermal resistance of 1 85°C/W when mounted on a Vie-inch-thick epoxy glass board with 

0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 


Note 2: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 



Note 3: Continuous short circuit is allowed for case temperatures to 1 25°C and ambient temperatures to 70°C . It is necessary to insert a resistor greater than 2 kft 

in series with the input when the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

i 

Note 4: These specifications apply for ±5V <. ^ ±18V and -55°C <. Ta < 125°C, unless otherwise specified. With the LM210, however, all temperature 

specifications are limited to -25°C ^ Ta ^ 85°C, and for the LH2310, all temperature specifications are limited to 0°C ^ Ta ^ 70°C. 


Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V~ 

terminals. 
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National 
Semiconductor 

LH4001 Wideband Current Buffer 

General Description 

The LH4001 is a high speed unity gain buffer designed to 
provide high current drive capability at frequencies from DC 
to over 25 MHz. It is capable of providing a continuous out- 
put current of ±100 mA and a peak of ±200 mA. 

The LH4001 is designed to fulfill a wide range of applica- 
tions such as impedance transformation, high impedance 
input buffers for A/D converters and comparators, as well 
as high speed line drivers. It is also suitable for use in cur- 
rent booster applications within an op amp loop. This allows 
the output current capability of existing op amps to be in- 
creased to ±100 mA. 


Features 

■ DC to 25 MHz bandwidth 

■ 125 V/jlls slew rate 

■ Drives ±10V into 50H 

■ Operates from ±5 to ±20V supplies 

■ Output swing approaches supply voltage 

Applications 

■ Boost op amp output 

■ Buffer amplifiers 

■ Isolate capacitive loads 

■ Drive long cables 



Typical Applications and Connection Diagram 



TL/K/8628-1 


Dual-In-Line Package 


-(NOTE) 

-(NOTE) 

8 \i 

— V 0UT 
— (NOTE) 

— * (NOTE) 

TL/K/8628-2 

Top View 

’Note: Electrically connected internally. No connection should be made to these pins. 

Order Number LH4001CN 
See NS Package Number N10A 


+Vco- 


+Vcr 



-Vco-H 
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LH4001 




LH4001 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vs ± 22 V 

Continuous Output Current, Iq ±100 mA 

Peak Output Current, lo(peak) 

(50 ms On/1 Sec Off) ± 200 mA 


Input Voltage Range, V|n 
P ower Dissipation Ambient 
Storage Temperature Range, Tstg 
Operating T emperature Range, T a 
M aximum Junction Temperature, Tj 
Lead Temp. (Soldering, <10 seconds) 
ESD rating is to be determined. 


±V S 
500 mW 
— 65°C to + 1 50°C 
0°Cto+70°C 
150°C 
260°C 


Electrical Characteristics (Notei) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A V 

Voltage Gain 

R s = 10 kn, R L = 1 kn 

V| N = ±10V 

0.95 

0.97 

1 

V/V 

Rin 

Input Impedance 

r s = 200 kn, r l = i kn 

V| N =±1.0V 

180 

400 


kn 

Rout 

Output Impedance 

Rs = 10 kn, R|_ = 50n 

V| N = +1.0V 


6 

10 

n 

v 0 

Output Swing 

Vs = +15V, R s = son 

R l = 1 kn,V| N = ± 12V 

±10 

±11 


V 

>B 

Input Bias Current 

r s = io kn, r l = i kn 


±10 

±50 

juA 

V 

Rise Time 

R l = loon, AVin = 100 mV 


7 


ns 

SR 

Slew Rate 

V| N = ±5V, r l = loon 


125 


V/jLLS 

is 

Supply Current 

r s = io kn 


±6 

±10 

mA 

Vos 

DC Output Offset Voltage 

Rs = 30on, Rj_ = i kn 


±10 

±50 

mV 


Note 1: Specification applies for Ta = 25°C with + 12V on Pins 1 & 2; -12V on Pins 4 & 5 unless otherwise specified. 


Typical Performance Characteristics 


Input Offset Current 



4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 


Frequency Response 



Pulse Response 


Supply Current 



SUPPLY VOLTAGE (±V) . 



TOP TRACE = INPUT 
BOTTOM TRACE = OUTPUT 


TL/K/8628-10 


V| N = ±2.5V, R s = R L = 50ft 
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Applications Information 

Figure 1 shows a simple implementation of a non-inverting 
buffer amplifier of unity gain. Popular industry standard op- 
erational amplifiers such as LF156, LF351, LF411, LF441, 
LM11, LM741, etc. can be used in this configuration. Due to 
the high bandwidth of the LH4001, it is suitable for use with 
most monolithic op amps. 

Figure 2 shows an implementation of an inverting amplifier 
with output current capability in excess of ±100 mA. The 
gain of this amplifier is determined by the values of Rp and 
R|N- The resistor between the non-inverting input and 
ground is used to minimize the output offset voltage result- 
ing from the input bias current. 

Because of its high current drive capability, the LH4001 
buffer amplifier is suitable for driving terminated or untermi- 
nated co-axial cables, and high current or reactive loads. 


Figure 3 shows a co-axial cable drive circuit. The 43fl resis- 
tor matches the driving source to the cable, however, its 
inclusion rarely will result in substantial improvement in 
pulse response into a terminated cable. If the 43fi resistor 
is included, the output voltage to the load is about half what 
it would be without the near end termination. 

Figure 4 shows a non-inverting amplifier with gain and out- 
put current capability in excess of ±100 mA. It is capable of 
providing ±10 mA into a 1 kH load or ±100 mA into a 
100H load (± 10V swing). Figures 5 and 6 show two differ- 
ent methods of providing current limit or short circuit protec- 
tion for the LH4001. In Figure 6, the 10H resistor limits the 
output current to approximately 70 mA. This circuit is highly 
recommended if there is a potential for a short circuit to 
occur. 


+15V +15V 



TL/K/8628-4 

FIGURE 1. Non-Inverting Buffer Amplifier 



FIGURE 2. Inverting Buffer Amplifier with Current Limit 


Vqut R f 

V IN R|N 


TL/K/8628-6 
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LH4001 




Applications Information (Continued) 


V + 



Rum = ioon, iw 


TL/K/8628-7 


FIGURE 3. Coaxial Cable Drive Circuit 

+ 15V +15V 



TL/K/8628-5 

VOUT = V| N ^1 + 

FIGURE 4. Non-Inverting Buffer Amplifier with Gain 


v + 



TL/K/8628-8 

FIGURE 5. LH4001 Using Resistor Current Limiting 



FIGURE 6. Current Limit Using Current Sources 


4-24 






National 

Semiconductor 


LH4002 Wideband Video Buffer 


General Description 

The LH4002 is a high speed voltage follower designed to 
drive video signals from DC up to 200 MHz. At voltage sup- 
plies of ±5V, the LH4002 will provide up to 40 mA into 50fl 
at slew rates in excess of 1000 V/jus. 

The device is intended to fulfill a wide range of high speed 
applications including video distribution, impedance trans- 
formation, and load isolation. It is also suitable for use in 
current booster applications within an op amp loop. This 
allows the output current capability of existing op amps to 
be increased. 


Features 

■ DC to 200 MHz Bandwidth with V$ = ±5V 
h 1250 V/jlls Slew Rate into 50H 

■ 150 MHz Bandwidth with Vs = ±5V, Rl = 50ft and 
Voltage Swing = 2 Vp.p 

Applications 

■ Wideband Buffer Amplifiers 

■ Wideband Line Driver 


Schematic and Connection Diagrams 


+V CC1 +V CC2 



TL/K/8686-15 


Metal Can Package 
INPUT 



Order Number LH4002CH or LH4002H 
See NS Package Number H08D 
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LH4002 




LH4002 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vs ± 6V 

Input Voltage Range, Vin ± Vs 

Continuous Output Current, I q ± 60 mA 

Storage Temperature Range, Tstg -65°C to + 1 50°C 


Operating Temperature Range, T A 
LH4002 
LH4002C 

Maximum Junction Temperature, Tj 
Lead Temperature (Soldering, 10 sec) 
ESD rating is to be determined.. 


— 55°C to + 1 25°C 
— 25°C to +85°C 
150°C 
300°C 


DC Electrical Characteristics V CC = ±5V, T min ^ T A ^ T max unless otherwise stated. 


Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Vos 


Input Offset Voltage 


T A = Tj = 25°C 
R s = 150ft, R L = 50ft 


20 


50 


mV 


Input Bias Current 


Rs = i kft, Rl = 50ft 


100 


200 


/xA 


A V 


DC Voltage Gain 


R s = 10 kft, R L = 1.0 ka,V| N = ±2V 


0.95 


0.97 


V/V 


V 0 


Output Voltage Swing 


R s = 150ft, V| N = ±2.5V 


R L = 1 kft 


t2.2 


±2.4 


T a = 25°C, R L = 50ft 


t2.0 


±2.2 


Supply Current 


R s = 10 kft, V| N = 0V, R l = 1 kft, T A = Tj = 25°C 


20 


35 


mA 


r OUT 


Output Resistance 


Rs = 10 kft, R|_ = 50ft 


10 


r in 


Input Resistance 


Rs =10 kft, R[_ = 50ft 


10 


18 


kft 


AC Electrical Characteristics v cc = +5v, t a = 25»c. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Sr 

Slew Rate 

R[_ = 50ft, Rs 
V| N = ±2V 

= 50ft 

1000 

1250 


V/jms 


Bandwidth, -3 dB 

Rs = 50ft 

VoUT = 4Vp_p 


125 


MHz 

f3dB 


Rl_ = 50ft 

VoUT = 2V P .p 

100 

150 


MHz 



(Note 2) 

Vqut = 100 mVp.p 


200 


MHz 


Phase Non-Linearity 

BW= 1.0-20 MHz 


2.0 


degrees 

tr 

Rise Time 

AV| N = 0.5V 


3 


ns 

ta 

Propagation Delay 

AV| N = 0.5V 


1.2 


ns 

THD 

Harmonic Distortion 

f = 1 kHz 


0.1 


% 


Note 1: Under normal operating conditions + Vcci and +Vcc2 should be connected together, and -Vcci and ~^CC2 should be connected together. 
Note 2: Guaranteed by design. This parameter is sample tested. 


Connection Diagrams (Continued) 


> 8 

+ 

J L 


♦ v cc 

NC 

NC 

INPUT 


r* n 

8 



1_ 



6 

-O-J 


5 


- OUTPUT 

•NC 

-NC 


--V, 


CC 


TL/K/8686-16 


3 2 


J-JL 


r<H 


Top View 

Order Number LH4002CN-8 
See NS Package Number N08E 

Note: + Vcci and +Vcc 2 P ins and _v cci and -Vcc 2 P'ns are internally 
connected. 



OUTPUT ■ 

v 

I II I 

Top View 

Order Number LH4002E 
See NS Package Number E20A 


19 > 
18 



INPUT 

17 

- 

16 

“ " V CC1 

15 

- 

14 

— ” V CC2 
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Typical Performance Characteristics 


Maximum Power Dissipation 



0 25 50 75 100 125 150 175 200 

TEMPERATURE (°C) 

TL/K/0686-4 


Frequency Response 



FREQUENCY, (MHz) 

TL/K/8686-5 



±3 ±4 ±5 ±6 ±7 

SUPPLY VOLTAGE (V) 

TL/K/8686-6 


Maximum Power Dissipation 
Dual-ln-Line Package 




n 

“I 


_ 


" AW 

\ 

BIEN 

L. 

\ 

T0 J 

n 

H 

0°C/ 

r 

'W ' 


m 

u 
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s, 





























u 






■ 




m 
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■ 









0 10 20 30 40 50 60 70 80 90 


Maximum Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 


TL/K/8686-12 


TEMPERATURE (°C) 


TL/K/8686-18 


Maximum Power Dissipation 
For N08E Package 
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LH4002 



LH4002 


Pulse Response 



TOP TRACE 
= INPUT 

BOTTOM TRACE 
= OUTPUT 


V s = ±5V 

r l = son 


TL/K/8686-7 



Typical Applications 



TL/K/8686-1 1 



TL/K/8686-9 

FIGURE 2. Compensation for Capacitive Loads 


TL/K/8686-10 

FIGURE 3. Compensation for Capacitive Loads 


Applications Information 

The high speed performance of the LH4002 can only be 
realized by taking certain precautions in circuit layout and 
power supply decoupling. Low inductance ceramic chip or 
disc power supply decoupling capacitors of 0.01 jwF in paral- 
lel with 0.1 juF should be connected with the shortest practi- 
cal lead length between device supply leads and a ground 
plane. Failure to follow these rules can result in oscillations. 
When driving a capacitive load such as inputs to flash con- 
verters, the circuits in Figure 2 and 3 can be used to mini- 
mize the amount of overshoot and ringing at the outputs. 
Figure 2 indicates that a 50 ft should be placed in parallel 
with the load and Figure 3 recommends that a 1 00H resistor 
be placed in series with the input to the LH4002. 


Short Circuit Protection 


In order to optimize transient response and output swing, 
output current limits have been omitted from the LH4002. 
Short circuit protection may be added by inserting appropri- 
ate value resistors between + Vqq-i and + Vcc2 pins and 
between — Vqqi and -Vcc2 pins as illustrated in Figure 4. 
Resistor values may be predicted by: 


Rum = 


+ v cci _ ~ V CC1 


isc isc 

where Isc ^100 mA. The inclusion of 50fl limiting resistors 
in the collectors of the output transistors limits the short 
circuit current to approximately 1 00 mA without reducing the 
output voltage swing. 
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LH4003/LH4003C 



National 

Semiconductor 


PRELIMINARY 


LH4003/LH4003C Precision RF Closed Loop Buffer 


General Description 

The LH4003 is a precision RF buffer optimized for unity gain 
applications. The LH4003 features a small signal bandwidth 
of 250 MHz. The buffer is internally compensated to be unity 
gain stable and has internal short circuit protection. The 
LH4003 is useful in applications such as video buffering, 
cable driving, and flash converter input conditioning. 


Features 

■ Operation from +6V supplies 

■ Drive 50H directly 

■ Internal power supply bypassing 

■ Short circuit protection 

■ 1000 V/ju-s slew rate 

■ 0.97 gain accuracy into 50Q 


Applications 

■ Line drivers 

■ Video buffers 


Block and Connection Diagram 


Note 1: NC = No Connection 

Note 2: Pins 9 & 17 Internally Connected 



NC 

NC 

NC 

NC 

NC 

NC 


+ v s 

GND 

-INPUT 

NC 

FEEDBACK 

OUTPUT 


Order Number LH4003D, LH4003CD 
See NS Package Number D24D 


TL/K/9243-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
pilease contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Output Short Circuit Duration 
Operating Temperature Range, T A 
LH4003CD 


Continuous 
— 25°C to +85°C 


Supply Voltage, Vs 

±8V 

LH4003D 

— 55°C to +125°C 

Power Dissipation, Pp 


Storage Temperature Range, Tsjg 

— 65°C to + 1 50°C 

T a = 25°C, derate linearly at 62.5°C/W 

2W 

Maximum Junction Temperature, Tj 

150°C 

Tc = 25°C, derate linearly at 33.3°C/W 

3.75W 

Lead Temperature (Soldering, 10 sec.) 

300°C 

Input Common Mode Voltage Range, Vqm 

±Vs 


Output Current, Iq 

±100 mA 




DC Electrical Characteristics Vs = ±6V, R S = Rl = 50n, T A = 25°C unless otherwise noted. (Notes 1 , 6) 


Symbol 

Parameter 

Conditions 

LH4003C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Output Offset Voltage 

T A = Tj = 25°C 
(Note 4) 

5 

15 


mV 

VoS/AT 

Offset Voltage Drift 

100 



JLtV/°C 

Ib 

Input Bias Current 

R S = 300n, T A = Tj = 25°C 
(Note 4) 

100 

200 


juA 

A V 

Voltage Gain 

V|N = 2 Vpp 
f = 1 kHz 

Rl = son 

0.98 

0.95 


V/V (M in) 

r l = 1 kn 

0.98 

0.95 


v 0 

Output Voltage Swing 



±3 


V(Min) 

PSRR 

Power Supply 

Rejection Ratio 

V s = ±4V to ±8V 

55 

45 


dB(Min) 

is 

Supply Current 

R l = 1 kn (Note 7) 

55 

65 


mA 

Pd 

Power Dissipation 




780 

mW 

AC Electrical Characteristics Vs = ±6V, R S = R l = 50n, T a = 25°C unless otherwise noted. (Note 1 ) 

Symbol 

Parameter 

Conditions 

LH4003C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

2 



ns 

ts 

Settling Time to 0.1 % 

V, N = ±3V 

80 



SR 

Slew Rate 

V| N = — 3V to +3V 

1 0%-90% 

1000 


800 

V/jas 

(Min) 

Vin = +3V to — 3V 

10%-90% 

1200 


1000 

f—3 dB 

Small Signal Bandwidth 

Vqut = 100 mVp-p 

250 

200 


MHz (Min) 


Full Power Bandwidth 

V !N = ±2V, (Note 5) 

65 



MHz 


Harmonic Distortion 

Second Order, Vqut ~ 4V p-p, 

/l N = 10 MHz 

-60 



dB 
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LH4003/LH4003C 


DC Electrical Characteristics Vs = ±6V, Rs = Rl = 50a, Ta = 25°C unless otherwise noted. (Notes 1, 6) 


Symbol 

Parameter 

Conditions 

LH4003 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Output Offset Voltage 

T A = Tj = 25°C 
(Note 4) 

2 

15 


mV 


20 


VoS/AT 

Offset Voltage Drift 


100 



juV/°C 

Ib 

Input Bias Current 

R s = 300H 

T a = Tj = 25°C, (Note 4) 

100 

200 


ix A 




200 


A V 

Voltage Gain 

V|N = 2 Vpp 
f = 1 kHz 

R|_ = son 

0.98 

0.95 

0.93 

V/V (M in) 

R[_ = 1 kH 

0.98 

0.95 



0.93 


v 0 

Output Voltage Swing 

> 

< 

II 

+ 


+ 3 

±3 

V 

(Min) 




PSRR 

Power Supply 

Rejection Ratio 

V s = ±4V to ±8V 

55 

45 


dB 

(Min) 


40 


is 

Supply Current 

R L = 1 kn (Note 7) 

55 

65 

80 

mA 

P D 

Power Dissipation 



780 

mW 


AC Electrical Characteristics Vs = +6V, R S = Rl = 50a, T a - 25°C unless otherwise noted. (Note 1 ) 


Symbol 

Parameter 

Conditions 

LH4003 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

2 



ns 

ts 

Settling Time to 0.1 % 

V, N = ±3V 

80 



ns 

SR 

Slew Rate 

V| N = — 3V to +3V 

10% -90% 

1000 


800 

v* 

(Min) 

V !N = +3V to — 3V 

10%-90% 

1200 


1000 

/- 3dB 

Small Signal Bandwidth 

Vqut = 100 mVp-p 

250 

200 


MHz (Min) 


Full Power Bandwidth 

V iN = ±2V, (Note 5) 

65 



MHz 


Harmonic Distortion 

Second Order, Vqut = 4V p-p, 

/| N = 10 MHz 

-60 



dB 


Note 1: These measurements are taken with the LH4003 strapped for a gain of +1. 

Note 2: Tested limits are guaranteed and 100% tested in production. 

Note 3: Design limits are guaranteed (but not 100% production tested) over indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed value 
at Tj = 25°C. See Typical Performance Characteristics for more information. 

Note 5: Full power bandwidth is calculated based on slew rate measurement using FPBW = slew rate / (2 ttV peak). 

Note 6: Boldface limits are guaranteed over full temperature. Operating ambient temperature range of LH4003C is -25°C to +85°C, and LH4003 is -55°C to 
+ 1 25°C. 

Note 7: When the LH4003 is operated at elevated temperature (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vs of ±6V is 780 mW, whereas the package is rated to 750 mW without a heatsink at 125°C. 
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Typical Performance Characteristics 
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Application Information 

The unity gain follower configuration shown in Figure 1, of- 
fers a 250 MHz small signal bandwidth to the -3dB point 
and the minimum slew rate of 800 V/jas insures a full power 
bandwidth of 65 MHz for a 4V peak-to-peak signal, accord- 
ing to the formula: 

B = SR/2 t t Vp 

Where SR is the slew rate in jus, B is the bandwidth of the 
device in MHz for a peak sine wave voltage Vp. 

The unity gain follower/buffer is therefore an excellent 
choice for wideband sinewave buffering or pulse amplifica- 
tion. Figure 2 shows the typical pulse response for such a 
configuration. 

DRIVING CAPACITIVE LOADS 

Flash A/D, unterminated cables, etc, can exhibit up to 
300 pF of capacitance, thus creating stability or settling 
problems. Figure 3 shows the compensation scheme for 
driving such capacitive loads while still insuring optimum 
settling. The output current limit of the LH4003 is a consid- 
erable help for driving capacitive loads, the charging current 
is kept in control and the damping resistor can be small 
without overloading the output stage. A 2011 resistor in se- 
ries with the capacitance is required for insuring an optimum 
settling time of 0.5% in less than 20 ns which is suitable for 
driving a 7 bit flash A to D converter in video applications at 
a sampling rate of 20 MSPS (see Figure 4). 

LAYOUT CONSIDERATIONS 

The layout of a RF/Video PC board where the signal fre- 
quency is beyond 100 MHz required special attention. All 
the traces or connections must be as short and as wide as 
possible in order to keep their parasitic inductance to a mini- 
mum. This is especially critical for the supply lines where the 
current can reach over 100 mA in a few nanoseconds. 


Although the LH4003 contains internal decoupling, it still 
requires some external bypassing capacitors, which have to 
be located as close to the supply pins as possible. A 4.7 ju,F 
in parallel with a 100 nF low inductance capacitor will insure 
good filtering. In some cases of noisy environment, or when 
the power supply is located far from the circuit, it may be 
necessary to use a dual stage decoupling as shown in Fig- 
ure 5. 

Ground can also become a considerable problem. It is as- 
sumed to be uniformly zero volts and considered as a refer- 
ence. In practice, if the ground is poorly laid out, every sin- 
gle point may be at a different potential and at a different 
phase, which is a source of instability or signal distortion. 
The most reliable solution to this problem is to have a 
ground plane that will minimize the parasitic inductance and 
therefore, potential and phase differences. 

INPUT CAPACITANCE 

The input capacitance of the LH4003 is typically 8 pF and 
will slightly increase with frequency. A large source resist- 
ance value in front of this will form a pole, which may sub- 
stantially reduce the bandwidth of the circuit and affect sta- 
bility. 

This is the reason why resistor values higher than 500 ohms 
should not be utilized in the feedback network and high 
source impedance should be avoided. 

BIAS CURRENT 

The input bias current is typically 100 juA and may create an 
undesirable output offset voltage when the source imped- 
ance is high. An internal 5011 resistor is provided for match- 
ing with a 5011 source impedance in order to minimize the 
output offset voltage. Figure 6 shows a circuit that uses a 
FET transistor pair for the input stage in order to reduce the 
input bias current to the sub-nanoampere region. 
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LH4003/LH4003C 


Typical Applications 



TL/K/9243-3 

FIGURE 1. Unity Gain Follow, 

Typical BW 3dB = 250 MHz 


TL/K/9243-4 


Note: Top trace is input and bottom trace is output. Vcc = ±6V, Rs = Rl = 50H. 

FIGURE 2. Pulse Response of Follower 




TL/K/9243-6 
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Typical Applications (Continued) 



TL/K/9243-7 

Note: Top trace is input and bottom trace is output. Vcc = ±6V, Rs = 50 Cl, Riso = 20n and Cl = 300 pF. 

FIGURE 4. Pulse Response when Driving Capacitance. 


+Vc 


4.7/iF 


4.7/xF 

Hb 



OUTPUT 


0.1 mF 2 - 2 & 0.1 /xF 

Jh fn± 


FIGURE 5. Dual Stage Decoupling 


TL/K/9243-8 


100& 



TL/K/9243-9 

FIGURE 6. FET Buffer Reduces Bias Current 
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LH4004/LH4004C 



National 

Semiconductor 


PRELIMINARY 


LH4004/LH4004C Wideband FET-Input Buffer/ Amplifier 


General Description 

The LH4004 is an FET input, high speed differential amplifi- 
er optimized for unity gain applications. It eliminates most of 
the drawbacks of conventional open loop buffers and does 
not require compensation for unity and other low gain oper- 
ations. It is an ideal choice for video distribution, driving 
flash converters, and summing amplifiers. Furthermore, the 
bandwidth does not decrease with increasing gain. At a 
closed loop gain of 4, the LH4004 still offers a 75 MHz 
bandwidth. 


Features 

■ ±0.5 dB gain flatness 

■ 500 V/jiis slew rate 

■ Drives 50fl directly 
n 140 MHz bandwidth 

■ No external components required for unity gain 
operation 

■ Internal power supply bypassing 


Applications 

■ Unity gain buffer 
n Low gain op amp 


Simplified Schematic and Connection Diagram 

COMP +VS1 +VS2 


(3) (24) (23) 



NC 

NC 

COMP 

NC 

NC 

+INPUT 

-INPUT 

OFF/ADJ 

NC 

NC 

NC 

GROUND 


TL/K/8831 -2 

Top View 



+VS1 

+VS2 

NC 

NC 

NC 

OUTPUT 

FEEDBACK 

NC 

NC 

NC 

-VS2 

-VS1 


Order Number 
LH4004CD or LH4004D 
See NS Package Number D24D 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage, Vs ± 1 5V 

Power Dissipation, Pp 

Ta = 25°C, derate linearly at 80°C/W 1 .8W 

T c = 25°C, derate linearly at 40°C/W 3.75W 

Input Voltage Range, Vin ± Vs 


Operating Temperature Range, Ta 
LH4004CD 
LH4004D 

Storage Temperature Range, Tstg 
Maximum Junction Temperature, Tj 
Lead Temperature (Soldering, <10 sec) 
ESD rating is to be determined. 


— 25°C to + 85°C 

— 55°C to + 125°C 

— 65°C to + 1 50°C 

150°C 

300°C 


DC Electrical Characteristics V S = ±12 V, R S = Rl = 50n,T A = 25°C unless otherwise noted (Note 1) 


Symbol 

Parameter 

Conditions 

LH4004C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

v OS 

Input Offset Voltage 

V|N = 0V,T a = Tj = 25°C 

8 

15 


mV 

V 0S /AT 

Offset Voltage Drift 

(Note 4) 


300 



jutV/ 0 C 

>B 

Input Bias Current 

Tj = 25°C, Pin 6 (Note 4) 


400 


pA 


Gain Accuracy 

V,N = ± IV 

Rj_ = 50017, 

0.98 

0.96 

0.93 

V/V 



£ 

II 

+ 

Rl — 5on 

0.98 

0.96 

0.93 

(Min) 

Vo 

Output Voltage Swing 

V| N = ±10V 

Rl = 50011 

9.6 

9.2 

9.2 

V (Min) 

v 0 

Output Voltage Current Swing 

V| N = ±5V,R l = 50 a 

±4.5 

±4 


V (Min) 

Is 

Supply Current 


35 

40 


mA 

PSRR 

Power Supply Rejection Ratio 

± V s = ± 1 1 V to +15V 


40 


dB (Min) 


AC Electrical Characteristics v s = ±i 2 v,r s = r l = 5o^,t a = 25°c (unless otherwise noted) 


Symbol 

Parameter 

Conditions 

LH4004C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

3 



ns 


Settling Time to 0.5% 

V iN = -2.5V to +2.5V 

30 



ns 

/— 3dB 

Small Signal Bandwidth 

V|n = -10 dBm 

A v = +1 

140 

125 


MHz 

(Min) 

A v = +4 

85 

75 



Large Signal Bandwidth 

Vqut = ±2.5V 

A v = +1 


70 


MHz 


Gain Flatness 

Vin = -10 dBm 

A v = +1 
/= 0-50 MHz 


±0.5 


dB 


Harmonic Distortion 

Second Order 

V| N = 4Vp-p,/| N = 10 MHz 




dB 

SR 

Slew Rate 

V| N = - 2.5V to +2.5V 

1500 


1200 

V//xs 

(Min) 

V| N = + 2.5V to -2.5V 

600 


500 
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LH4004/LH4004C 


DC Electrical Characteristics 

Vs = ±12V, Rs = R|_ = 50n, Ta = 25°C unless otherwise noted (Notes 1 & 5) 


Symbol 

Parameter 

Conditions 

LH4004 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

v os 

Input Offset Voltage 

T a = Tj = 25°C (Note 4) 

8 

15 


mV 

V 0S /AT 

Offset Voltage Drift 


300 



jaV/°C 

•b 

Input Bias Current 

T A = Tj = 25°C, Pin 6 (Note 4) 


400 


pA 



400 


nA 


Gain Accuracy 

V 1N = ±1V 

A v = +1 

R|_ = 500H 

0.98 

0.96 


V/V 

(Min) 

0.93 

r l = son 

0.98 

0.96 


0.93 

Vo 

Output Voltage Swing 

V| N = ±10V 

R[_ = soon 

9.6 

9.2 


V (Min) 

Vo 

Output Voltage Swing 

V| N = ±5V, R L = son 

±4.5 

±4 


V (Min) 

•s 

Supply Current 


35 

40 



PSRR 

Power Supply 
Rejection Ratio 



40 


dB (Min) 


AC Electrical Characteristics Vs = +12V, Rs = R|_ — 50fl, Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4004 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

3 



ns 


Settling Time to 0.5% 

V| N = -2.5V to + 2.5V 

30 



ns 

/-3dB 

Small Signal Bandwidth 

V|n = -10 dBm 

A v = +1 


125 


MHz 

(Min) 

+ 

II 

< 


75 



Large Signal Bandwidth 

V 0U T = +2.5V 

A v = +1 


70 


MHz 


Gain Flatness 

V| N = 100mVp-p 

A v = +1 
/ = 0-50 MHz 


±0.5 


dB 


Harmonic Distortion 

Second Order 

V| N = 4V p-p, /| N =10 MHz 




dB 

SR 

Slew Rate 

V| N = - 2.5V to +2.5V 

1500 


1200 

V/jus 

(Min) 

V 1N = + 2.5V to -2.5V 

600 


500 


Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4004C is -25°C to +85°C, and LH4004 is 
— 55°C to + 1 25°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not 100% production tested) over the indicated temperature range. These limits are not used to calculate outgoing quality 
levels. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed value 
at Tj = 25°C. 

Note 5: When the LH4004 is operated at elevated temperature (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vs of ± 12V is 960 mW, whereas the package is only rated to 800 mW without a heatsink at 125°C. 
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Application Hints 

The front page figure shows the simplified schematic which 
includes the feedback resistor and the decoupling capaci- 
tors. 

The essential difference from other op amps is that both 
inputs are radically different, the non-inverting input goes to 
a FET buffer follower and the inverting input is connected to 
the second stage emitter node. This topology is responsible 
for the unique bandwidth characteristic and transfer function 
of the amplifier. 

Let’s consider the connection diagram of Figure 1. The typi- 
cal transfer function in the case of a classical op amp would 
be: 


VpUT __ K(s) 

V| N 1 + K(s)/B 

Ra + Rr 

where B = — — and K(s) is the open loop gain of the 

Rb 

amplifier and is frequency dependent. By rearranging the 
formula, we find; 


(D 


VOUT K(s) 

V| N K(s) + B 


For the LH4004, a small signal analysis shows that the dif- 
ference between the two inputs turns the previous typical 
equation into: 


( 2 ) = — m — 

V|n K(s) + B + m R/\ 

where m is an internal parameter to the device and K(s) is 
approximately 70 dB at DC with a 5011 load. 

In both equations, the second term is negligible when the 
open loop gain of the amplifier, K(s), approaches infinity, but 
in equation (1), when the signal frequency reaches a point 
where K(s) is small, say K(s) = 10 or less, then the term will 
be very sensitive to the value of the closed loop gain B and 
Vqut/Vin will fall earlier as B increases. 

In equation (2), m is approximately 0.19 and Ra is provided 
inside the package, with a value which has been chosen to 
be 24011. The term mRA is therefore equal to 46 and will 
dominate the term B as long as it is kept below 5. The result 
is that Vout/Vin not as dependent on B as with 
traditional topologies. The gain will still fall with the open 
loop gain K(s) as the frequency increases, but the roll off will 
be virtually independent of the closed loop gain B. 

Resistor Rg sets the overall closed loop gain, but has very 
little effect on stability and bandwidth. Another peculiarity of 
the LH4004 is that the loop compensation can be accom- 
plished by changing the value of resistor Ra (Figure 2). 
Even though this such as settling time, overshoot and phase 
margin, it will not affect the slew rate. Although this resistive 
compensation scheme is adequate in most cases, an alter- 
nate method is to place a capacitor between pins 3 and 19 
(Figure 3). This method of compensation also reduces the 
device slew rate (Figure 4). 

Low Gain Operation 

The small amount of stray capacitance present at the invert- 
ing input can cause peaking which increases with decreas- 
ing gain. The gain set resistor Rg (in Figure 1 ) is effectively 


in parallel with this capacitance and so a frequency domain 
pole results. With a small Rg, this pole is at a high frequency 
and it affects the closed loop gain of the LH4004 only slight- 
ly. At lower values of gain, this pole becomes significant. For 
example, at a gain of + 2, the gain may peak as much as 
1.5 dB to 2 dB at 100 MHz. 



BANDWIDTH IN MHz FOR UNITY GAIN CONFIGURATION 

TL/K/8831 -10 

FIGURE 2. Bandwidth vs R ex t 



BANDWIDTH IN MHz FOR UNITY GAIN CONFIGURATION 

TL/K/8831 -11 

FIGURE 3. Bandwidth vs C ex t 



SLEW RATES, V/juS 

TL/K/8831 -13 

FIGURE 4. Slew Rates vs Compensation C 
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LH4004/LH4004C 


Typical Applications 



r int 



Note: Adjust pot for best CMRR. TL/K/8831-12 

FIGURE 6. Differential Amplifier 



10K 




FIGURE 9. LH4004 Used in Amplifier Applications 


Typical Performance Characteristics 


Maximum Power Dissipation 



TEMPERATURE (°C) tl/k/8831-8 



1 10 100 1000 

FREQUENCY (MHz) TL/K/ 8831-9 
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Typical Performance Characteristics (Continued) 


Input Offset Voltage 
vs Time 


•> 20 
£ 10 



10 100 1000 10,000 
TIME (SEC) 


Supply Current vs 
Supply Voltage 





• 

H25°C 



/ 


+25°C 


z 








-55°C 


7 





6 8 10 12 U 

SUPPLY VOLTAGE (V) 


Large Signal Pulse Response 


Small Signal Pulse Response 



TL/K/8831-16 


TL/K/8831 -17 

Top Trace = Input 


Top Trace = Input 


Bottom Trace = Output 


Bottom Trace = Output 






LH4006/LH4006C 



National 

Semiconductor 


PRELIMINARY 


LH4006/LH4006C Precision RF Closed Loop Buffer 


General Description 

The LH4006 is a precision RF buffer optimized for unity gain 
applications. It features a small signal bandwidth of 350 
MHz. The buffer is internally compensated to be unity gain 
stable and has internal short circuit protection. The LH4006 
is useful in applications such as video buffering, cable driv- 
ing, and flash converter input conditioning. The high band- 
width also allows the LH4006 to be used in RF/IF signal 
conditioning such as amplification or down conversion. 

Features 

■ Operation from + 6V supplies 

■ Drives 50Q directly 


■ Internal power supply bypassing 

■ Short circuit protection 

■ 1000 V/jms slew rate 

■ 0.95 gain accuracy into 50a 

Applications 

■ Line drivers 

■ Video buffers 

■ Pulse amplifiers 


Connection Diagram 


Note 1: NC = not connected. 

Note 2: Pins 9 & 1 7 are internally connected. 



NC 

NC 

NC 

NC 

NC 

NC 

+ v s 

GND 

-INPUT 

NC 

FEEDBACK 

OUTPUT 


TL/K/9255-1 


Order Number LH4006D & LH4006CD 
See NS Package Number D24D 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vs ± 8V 

Power Dissipation, Pp 

Tc = 25°C, Derate Linearly at 33.3°C/W 3.75W 

Ta = 25°C, Derate Linearly at 62.5°C/W 2W 

Input Common Mode Voltage Range, Vcm ± Vg 

Output Current, lo ±100 mA 

Output Short Circuit Duration Continuous 

DC Electrical Characteristics (Notes 1 & 6) 

Vs = ±6V, Rs = Rl = 50ft, Ta = 25°C unless otherwise noted. 


Operating Temperature Range, Ta 
LH 4006CD - 25°C to + 85°C 

LH4006D — 55°C to +125°C 

Storage Temperature Range, Tstg -65°C to + 150°C 
Maximum Junction T emperature, Tj 1 50°C 

Lead Temperature (Soldering < 10 sec.) 300°C 

ESD Rating to be determined. 


Symbol 

Parameter 

Conditions 

LH4006C 

Units 

(Max unless 
otherwise stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Output Offset Voltage 

T A = Tj = 25°C, Note 4 

5 

15 


mV 

VOS/AT 

Offset Voltage Drift 


100 



jllV/°C 

Ib 

Input Bias Current 

Rs = 300ft, Note 4 

100 

300 


ju,A 

A V 

Voltage Gain 

V|N = 2Vp-p, 
f = 1 kHz 

Rl = 50ft 

0.98 

0.95 


V/V 

(min) 

R l = 1 kft 

0.98 

0.95 


v 0 

Output Voltage Swing 

+ 

II 

> 

< 


±3 


V 

(min) 

PSRR 

Power Supply 
Rejection Ratio 

V s = ±4V to ±8V 

R L = 1 kft 

55 

45 


dB 

(min) 

is 

Supply Current 

V| N = 0V, R l = 1 kft 

Note 7 

55 

65 


mA 

P D 

Power Dissipation 



780 

mW 


AC Electrical Characteristics (Notei) 

Vs = ±6V, Rs = Rl = 50ft, Ta = 25°C unless otherwise noted. 






LH4006C 

Units 

Symbol 

Parameter 

Conditions 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

(Max unless 
otherwise stated) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

2 



ns 

ts 

Settling Time to 0.1 % 

V IN = ±3V 

80 



SR 

Slew Rate 

V| N = — 3V to +3V 

10% -90% 

1000 



V/jas 



V| N = +3V to — 3V 

10%-90% 

1200 



(min) 

/- 3dB 

Small Signal 

Bandwidth 

Vqut = 100 mVp-p 

<> 

II 

+ 

350 

300 


MHz 


Full Power Bandwidth 

V|n = ±2V, Note 5 

80 



(min) 


Second Order 

Harmonic Distortion 

v OUT = 4 Vp-p, 

/lN = 10 MHz 

-60 



dB 


4-43 


LH4006/LH4006C 




LH4006/LH4006C 


DC Electrical Characteristics (Notes 1 & 6) 

Vs = ±6V, Rs = R|_ = 50fl, Ta = 25°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

LH4006 

Units 

(Max unless 
otherwise stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Output Offset Voltage 

T A = Tj = 25°C 

2 

15 


mV 



25 


VOS/AT 

Offset Voltage Drift 

> 

o 

II 

z 

> 

100 



juV/°C 

Ib 

Input Bias Current 

R s = 300H 

Ta = Tj = 25°C, Note 4 

100 

300 


juA 


400 


A V 

Voltage Gain 

V|N = 2 Vp-p, 
f = 1 kHz 

R|_ = son 

0.98 

0.95 

0.93 


V/V 

(min) 

r l = i kn 

0.98 

0.95 

0.93 


Vo 

Output Voltage 

Swing 

II 

+ 


±3 

±3 

V 

(min) 

PSRR 

Power Supply 
Rejection Ratio 

V s = ±4V to +8V 

55 

45 


dB 

(min) 


40 


>S 

Supply Current 

V|n = ov, r l = i kn 

(Note 7) 

55 

65 

80 

mA 

PD 

Power Dissipation 



780 

mW 


AC Electrical Characteristics (Notei) 

Vs = ±6V, Rs = Rl = 50a, Ta = 25°C unless otherwise noted. 






LH4006 

Units 

Symbol 

Parameter 

Conditions 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

(Max unless 
otherwise stated) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

2 



ns 

ts 

Settling Time to 0.1 % 

V| N = ±3V 

80 



SR 

Slew Rate 

V| N = — 3V to +3V 

10%-90% 

1000 



V/jiiS 



V| N = +3V to — 3V 

10% -90% 

1200 



(min) 

/- 3dB 

Small Signal 

Bandwidth 

Vqut = 100 mVp-p 

£ 

II 

+ 

350 

300 


MHz 

(min) 


Full Power Bandwidth 

V|M = ±2V, Note 5 

80 




Second Order 

Harmonic Distortion 

VoUT = 4 Vp-p, 

/| N = 10 MHz 

-60 



dB 


Note 1: These measurements are taken with the LH4006 strapped for a gain of + 1. 

Note 2: Tested limits are guaranteed and 100% tested in production. 

Note 3: Design limits are guaranteed (but not 100% production tested) over indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual value may be higher at operating junction 
temperature. 

Note 5: Full power bandwidth is calculated based on slew rate measurement using FPBW = slew rate/(2 7 rV peak). 

Note 6: Boldface limits are guaranteed over full temperature. Operating ambient temperature range of LH4006C is -25°C to + 85°C, and LH4006 is -55°C to 
+ 1 25°C. 

Note 7: When the LH4006 is operated at elevated temperature (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vg of ±6V is 780 mW, whereas the package is rated to 750 mW without a heatsink at 125°C. 
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Typical Performance Characteristics 


Maximum Power 
Dissipation 



Input Bias Current 
vs Time 










i 









_ 

55°C. 









u 









+25°C 





























+ 1 25°C 








■ 
























0.1 1 10 


Offset Voltage (Typical) 



0.1 1 10 


TEMPERATURE (°C) 

TL/K/9255-2 


TIME (MIN) 

TL/K/9255-10 


TIME (MIN) 

TL/K/9255-1 1 


Application Information 

The unity gain follower configuration shown in Figure 1, of- 
fers a 350 MHz small signal bandwidth to the —3 dB point 
and the minimum slew rate of 1000 V/jus insures a full pow- 
er bandwidth of 80 MHz for a 4V peak to peak signal, ac- 
cording to the formula: 


Where SR is the slew rate in V//xs, B is the bandwidth of the 
device in MHz for a peak sine wave voltage Vp. 

The unity gain follower/buffer is therefore an excellent 
choice for wideband sinewave buffering or pulse amplifica- 
tion. Figure 2 shows the typical pulse response for such a 
configuration. 




TL/K/9255-5 

v C c = ±ev, R s = Rl = son. 

FIGURE 2. Follower/Buffer Pulse Response 
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LH4006/LH4006C 


Driving Capacitive Loads 

Flash A/D, unterminated cables, etc, can exhibit up to 300 
pF of capacitance, thus creating stability or settling prob- 
lems. Figure 3 shows the compensation scheme for driving 
such capacitive loads while still insuring optimum settling. 
The output current limit of the LH4006 is a considerable 
help for driving capacitive loads, the charging current is kept 


in control and the damping resistor can be small without 
overloading the output stage. A 20ft resistor in series with 
the capacitance is required for insuring an optimum settling 
time to 0.5% in less than 20 ns which is suitable for driving a 
7 bit flash A to D converter in video applications at a sam- 
pling rate of 20 MSPS (see Figure 4 ). 



TL/K/9255-6 

FIGURE 3. Driving Capacitance 




TOP = Input 
BOTTOM = Output 


Vcc = ±6 Volts 
C L = 360 pF 

FIGURE 4. Pulse Response When Driving Capacitance 


TL/K/9255-7 
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Layout Considerations 

The layout of a RF/Video PC board where the signal fre- 
quency is beyond 100 MHz requires special attention. All 
the traces or connections must be as short and as wide as 
possible in order to keep their parasitic inductance to a mini- 
mum. This is especially critical for the supply lines where the 
current can reach over 100 mA in a few nanoseconds. 
Although the LH4006 contains internal decoupling, it still 
requires some external bypassing capacitors, which have to 
be located as close to the supply pins as possible. A 4.7 /nF 
in parallel with a 100 nF low inductance capacitor will insure 
good filtering. In some cases of noisy environment, or when 
the power supply is located far from the circuit, it may be 
necessary to use a dual stage decoupling as shown in Fig- 
ure 5. 



Ground can also become a considerable problem. It is as- 
sumed to be uniformly zero volts and considered as a refer- 
ence. In practice, if the ground is poorly laid out, every sin- 
gle point may be at a different potential and at a different 
phase, which is a source of instability or signal distortion. 


The most reliable solution to this problem is to have a 
ground plane that will minimize the parasitic inductance and 
therefore, potential and phase differences. 


Input Capacitance 

The input capacitance of the LH4006 is typically 8 pF and 
will slightly increase with frequency. A large source resist- 
ance value in front of this will form a pole, which may sub- 
stantially reduce the bandwidth of the circuit and affect sta- 
bility. 

This is the reason why resistor values higher than 500fl 
should not be used in the feedback network and high 
source impedance should be avoided. 

Bias Current 

The input bias current is typically 100 ju,A and may create an 
undesirable output offset voltage when the source imped- 
ance is high. An internal 50fl resistor is provided for match- 
ing with a 50H source impedance in order to minimize the 
output offset voltage. Figure 6 shows a circuit that uses a 
FET transistor pair for the input stage in order to reduce the 
input bias current to the sub-nanoampere region. 



TL/K/9255-9 

FIGURE 6. FET Input Follower Buffer 
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LH4008/LH4008C 


National 

Jlm Semiconductor 


LH4008/LH4008C Fast Buffer 


General Description 

The LH4008 is a very high speed, FET input, voltage follow- 
er/buffer designed to provide high current drive at frequen- 
cies from DC to over 180 MHz. The LH4008/LH4008C will 
provide ±200 mA into 5011 loads (±500 mA peak) at slew 
rates of 10,000 V/jas. In addition, it exhibits excellent phase 
linearity. 

The LH4008 is intended to fulfill a wide range of buffer appli- 
cations. Due to its high speed it does not degrade the sys- 
tem performance. Its high output current makes it adequate 
for most loads. Only a single + 10V supply is needed for a 5 
Vpp video signal. In addition, the LH4008 can continuously 
drive 5011 coaxial cables. 

These devices are constructed using specially selected 
junction FET’s and active laser trimming to achieve guaran- 
teed performance specifications. The LH4008K is specified 
for operation from -55°C to +125°C; whereas, the 
LH4008CK and LH4008CT are specified from -25°C to 
±85°C. LH4008K and LH4008CK are available in an 8-pin 
TO-3 package. The LH4008CT is available in an 1 1-pin TO- 
220 package. 


Features 

■ Fast 10,000 V/]u,s 

■ Wide range single or dual 
supply operation 

■ Wide power bandwidth - DC to 130 MHz 

■ High output drive ± 1 0V with 5011 load 

■ Low phase non-linearity < 2 degrees 

■ Fast rise times < 1 .6 ns 

■ High input resistance > 10 10 H 

■ Pin compatible with LH0063 

Applications 

■ High speed line drivers 

■ Video impedance transformation 

■ Op amp isolation buffers 

■ Yoke driver for high resolution CRT 

■ High impedance input buffer 


Connection Diagram 


Metal Can Package (TO-3), 8 Pin 



TL/K/9666-1 


Note: Case is electrically isolated. 

Top View 


Order Number LH4008K or LH4008CK 
See NS Package Number K08A 


Plastic Package (TO-220), 11 Leads 



INPUT 


V+ 

V C + 

N/C 

N/C 

OUTPUT 

N/C 

Vr" 


0FFSET ADJUST 
OFFSET PRESET 


TL/K/9666-1 8 


Note: Metal tab is electrically isolated. 

Top View 


Order Number LH4008CT 
See NS Package Number TA11B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Operating Temperature Range 

please contact the National Semiconductor Sales LH4008 -55°C to + 125°C 

Office/Distributors for availability and specifications. LH4008C -25°Cto +85°C 

Supply Voltage (V+ - V~) 40V Storage Temperature Range -65°C to + 150°C 

Maximum Power Dissipation (See Curves) 3.2W Lead Temperature 

Maximum Junction Temperature 175°C (Soldering, 10 seconds) 300°C 

Input Voltage Equal to Supplies FSD TB[ -> 

Continuous Output Current ± 200 mA 

Peak Output Current ± 500 mA 

DC Electrical Characteristics 

Vs = ±15V, Rg = Rl = 50H, Ta = 25°C unless otherwise specified (Note 1) 

Symbol 

Parameter 

Conditions 

LH4008 

Units 

(Max Unless 
Otherwise 
Noted) 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Output Offset 

(Note 4) 

10 

25 


mV 

100 

AV 0S /AT 

Average Temperature Coefficient 
of Output Offset Voltage 

R s < 100 kfl 

200 



juV/°C 

*B 

Input Bias Current 

Tmin < Ta < Tmax 
(N ote 4) 

10 

30 


nA 

100 

A V 

Voltage Gain 

V| N = ±10V, 

R l = 1 kft 

0.95 

0.94 


V/V 

(Min) 

0.92 

A V 

Voltage Gain 

V| N = ±10V 

0.94 

0.90 


V/V 

(Min) 

0.88 

ClN 

Input Capacitance 

Case Shorted 
to Output 

8 



PF 

Rout 

Output Impedance 

VoUT = ±10V 

1.8 

4 


a 

v 0 

Output Current Swing 

V| N = ±10V, 

Rs <100 kn 

0.25 

0.2 


Amps 

(Min) 

v 0 

Output Voltage Swing 


11.9 

±10.5 


V 

(Min) 

11.1 

10.0 

LSV 0 

Low Supply Output 

Voltage Swing 

V s = ± 5.0V 

±3.2 

±2.5 


V 

(Min) 

>s 

Supply Current 

Rl = °°. v s = ± 15V 

60 

70 


mA 

is 

Supply Current 

Rl = 00 , v s = ± 15V 
T a i + 125°C 

52 

70 


mA 

is 

Supply Current 

Rl = v s = ± 15V 
T a =j — 55°C 

88 

135 


mA 

Is 

Supply Current 

V s = ±5.0V 

45 



mA 

Pd 

Power Consumption 

Rl = °°, v s = ± 15V 

1.8 

2.1 


W 

Pd 

Power Consumption 

V s = ±5.0V 

450 



mW 

Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4008C is -25°C to + 85°C, and LH4008 is - 55°C 
to +125°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature range. These limits are not used to calculate outgoing quality level. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed value 
at Tj = 25°C. 
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LH4008/LH4008C 


DC Electrical Characteristics 

Vs = ±15V, Rs = R|_ = 50fl, Ta = 25°C unless otherwise specified (Note 1) (Continued) 

Symbol 

Parameter 

Conditions 

LH4008C 

Units 

(Max Unless 
Otherwise 
Noted) 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Output Offset 

(Note 4) 

10 

50 


mV 

AVos/AT 

Avererage Temperature Coefficient 
of Output Offset Voltage 

R s < 100 kn 

200 



jmV/° C 

Ib 

Input Bias Current 

t M in < t a < Tmax 

(Note 4) 

10 

30 


nA 

A v 

Voltage Gain 

V| N = ±10V, 

R|_ = 1 kn 

0.95 

0.92 


V/V 

A V 

Voltage Gain 

V| N = ± 10V 

0.94 

0.9 


V/V 

C|N 

Input Capacitance 

Case Shorted 
to Output 

8 



PF 

r OUT 

Output Impedance 

VoUT = ±10V 

1.8 

4 


n 

v 0 

Output Current Swing 

V| N = ±10V, 

r s < ioo kn 

0.25 

0.2 


Amps 

Vo 

Output Voltage Swing 


11.9 

±10.5 


V 

LSV 0 

Low Supply Output 

Voltage Swing 

V s = ± 5.0V 

±3.2 

±2.5 


V 

(Min) 

•s 

Supply Current 

Rl = 00 , v s = ± 15 V 

60 

70 


mA 

is 

Supply Current 

V s = ±5.0V 

45 



mA 

P D 

Power Consumption 

Rl = Vs = ± 15V 

1.8 

2.1 


W 

Pd 

Power Consumption 

Vs = ±5.0V 

450 



mW 

AC Electrical Characteristics li-moos (Tj = 25°c, v s = ± isv, r s = son, r l = son) 

Symbol 

Parameter 

Conditions 

LH4008C/LH4008 

Units 

(Max Unless 
Otherwise 
Noted) 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Sr 

Slew Rate Rising Edge 

V|n = 20 Vp.p 

20% -80% 

10000 



V/jutS 

Sr 

Slew Rate Falling Edge 

V|N = 20 Vp.p 

20% -80% 

7000 



V/jLLS 

BW 

Bandwidth 

V|n = 1.0 Vrms 

180 

160 


MHz 

PBW 

Power Bandwidth 

V|N = 20 Vp.p 

130 

110 


MHz 


Phase Non-Linearity 

BW = 1.0 to 50 MHz 

2 



degrees 

tr 

Rise Time 

AV| N = 20 Vp.p 

1.6 



ns 

l P 

Propagation Delay 

AVjfyj = 20 Vp.p 

1.2 



ns 


Harmonic Distortion 


< 0.1 



% 

Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4008C is -25°C to +85°C, and LH4008 is -55°C 
to + 1 25°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature range. These limits are not used to calculate outgoing quality level. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed value 
at Tj = 25°C. 
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Typical Performance Characteristics 


Maximum Power Dissipation 
vs Temperature 

6 
5 
4 
3 
2 

1 
0 

0 25 50 75 100 125 150 

TEMPERATURE (°C) 



DC Safe 
Operating Area 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Supply Current vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Swing vs 
Supply Voltage 



5 10 15 20 

Supply Voltage 


Input Bias Current 



-50 0 50 100 

Temperature (°C) 


Gain Phase 



+180 

+90 

0 

-90 

-180 


10 100 1000 


FREQUENCY (MHz) 


TL/K/9666-5 


Small Signal Rise Time 



Small Signal Fall Time 



TIME (500 ps/div.) 


TL/K/9666-12 


TIME (1 ns/div.) 


TL/K/9666-13 


Large Signal Rise Time 



TIME (500 ps/div.) 


TL/K/9666-14 



o 




Large Signal Fall Time 



TIME (500 ps/div.) 


TL/K/9666-15 
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LH4008/LH4008C 


Bandwidth Test Circuit 



Application Hints 

Recommended Layout Precautions: RF/video printed cir- 
cuit board layout rules should be followed when using the 
LH4008 since it will provide power gain to frequencies over 
180 MHz. Ground planes are recommended and power sup- 
plies should be decoupled at each device with low induc- 
tance capacitors. In addition, ground plane shielding may be 
extended to the metal case of the device since it is electri- 
cally isolated from internal circuitry. Alternatively, the case 
should be connected to the output to minimize input capaci- 
tance. 



TL/K/9666-6 

FIGURE 2. Offset Zero Adjust 
Short Circuit Protection: Short circuit protection may be 
added by inserting appropriate value resistors between V+ 
and Vq+ pins and V~ and Vq~ pins as illustrated in Figures 
2 and 3. Resistor values may be predicted by: 

V+ v- 
r lim = — = : — 

•sc I sc 

The inclusion of limiting resistors in the collectors of the 
output transistors reduces output voltage swing. Decoupling 
Vc + and Vc~ pins with capacitors to ground will retain full 
output swing for transient pulses. 


v+ 



FIGURE 3. Using Resistor Current Limiting 


Power Bandwidth Test Circuit 



1 GHz Power 
Amplifier 
Minicircuits 
No. ZHL-2-8 


TL/K/9666-4 


Capacitive Loading: The LH4008 is designed to drive ca- 
pacitive loads such as coaxial cables in excess of several 
thousand picofarads without susceptibility to oscillation. 
However, peak current resulting from (C X dV/dt), should 
be limited below absolute maximum peak current ratings for 
the devices. 

^ j X Cl < Iout ^ ±500 mA 

In addition, power dissipation resulting from driving capaci- 
tive loads plus standby power should be kept below pack- 
age power rating: 

Pdiss ^ r DC + p AC 
pkg. 

Pdiss * (V+ - V-) X I S + P AC 

pkg. 

PAC = (Vp. p )2 X f X C L 

where 

Vp.p = Peak-to-peak output voltage swing 

f = frequency 

Cl = Load Capacitance 

Operation within an Op Amp Loop: The device may be 
used as a current booster or isolation buffer within a closed 
loop with op amps such as LH0032, LM61 61 , or LM1 1 8. An 
isolation resistor of A7Ct should be used between the op 
amp output and the input of LH4008. The wide bandwidth 
and high slew rate of the LH4008 assures that the loop has 
the characteristics of the op amp and that additional rolloff 
is not required. 

Hardware: In order to utilize the full drive capabilities of 
both devices, each should be mounted with a heat sink par- 
ticularly for extended temperature operation. The cases of 
both are isolated from the circuit and may be connected to 
system chassis. 

ATTENTION! 

Power supply bypassing is necessary to prevent oscillation 
in all circuits. Low inductance ceramic disc capacitance with 
the shortest practical lead lengths must be connected from 
each supply lead (within < % to y 2 " of the device package) 
to a ground plane. Capacitors should be two 0.1 juF ceramic 
and one 4.7 juF solid tantalum capacitors in parallel on each 
supply lead. 
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National 
Semiconductor 

LH4009/LH4009C Fast Buffer 

General Description 

The LH4009 is a very high speed, FET input, voltage follow- 
er/buffer designed to provide high current drive at frequen- 
cies from DC to over 190 MHz. The LH4009/LH4009C will 
provide ±200 mA into 50n loads (±250 mA peak) at slew 
rates of 10000V//j,s. In addition, it exhibits excellent phase 
linearity. 

The LH4009 is intended to fulfill a wide range of buffer appli- 
cations. Due to its high speed it does not degrade the sys- 
tem performance. Its high output current makes it adequate 
for most loads. Only a single + 10V supply is needed for a 
5 Vpp video signal. In addition, the LH4009 can continuously 
drive 50n coaxial cables. 

These devices are constructed using specially selected 
junction FETs and active laser trimming to achieve guaran- 
teed performance specifications. The LH4009K is specified 
for operation from -55°C to +125°C; whereas, the 
LH4009CK is specified from -25°C to +85°C. LH4009K 
and LH4009CK are available in an 8-pin TO-3 package. 
LH4009CT is available in an 11 -pin TO-220 package and is 
specified from -25°C to +85°C. 


Features 


a Fast 

10000V/jmS 

m Wide range single or 


dual supply operation 


m Wide power bandwidth 

DC to 150 MHz 

B High output drive 

± 10V with 50a load 

B Low phase non-linearity 

2 degrees 

b Fast rise times 

2 ns 

m High input resistance 

101 on 

m Pin compatible with LH0063 


□ Built in short circuit protection 



Applications 

El High speed line drivers 

□ Video impedance transformation 

□ Op amp isolation buffers 

m Yoke driver for high resolution CRT 

□ High impedance input buffer 



Connection Diagrams 


Metal Can Package (TO-3), 8-Pin 



Plastic Package (TO-220), 11 Pin 


1 1 INPUT 
10 V+ 

9 V c + 

8 N/C 
7 N/C 
6 OUTPUT 
5 N/C 
4 V C - 
3 V- 

2 OFFSET ADJUST 
1 OFFSET PRESET 


TL/K/9405-18 

Top View 

Metal Tab is Electrically Isolated 

Order Number LH4009CT 
See NS Package Number TA1 IB 


o 


Top View 

Order Number LH4009K or LH4009CK 
See NS Package Number K08A 
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LH4009/LH4009C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Peak Output Current ±250 mA 

please contact the National Semiconductor Sales Duration of Short Circuit Protection 30 sec 

Office/Distributors for availability and specifications. operating Temperature Range 

Supply Voltage (V + - V ) 40V LH4009 - 55°C to + 1 25°C 

Maximum Power Dissipation (see Curves) 3W LH4009C -25°C to + 85°C 

Maximum Junction Temperature 175°C Storage Temperature Range -65°C to + 150°C 

Input Voltage Equal to Supplies Lead Temperature 

Continuous Output Current ±200 mA (Soldering, 10 sec.) 300°C 

ESD TBD 

DC Electrical Characteristics v s = ±isv, r s = r l = son, t a = 25°c unless otherwise specified 

Symbol 

Parameter 

Conditions 

LH4009 

Units 

(Max unless 
otherwise 
noted) 

Typical 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

V OS 

Output Offset 

(Note 4) 

10 

25 

150 


mV 

>B 

Input Bias Current 

(Note 4) 

5 

30 

100 


nA 

Av 

Voltage Gain 

V| N = ± 10V, R L = 1 kn 

0.92 

0.9 

0.85 


V/V (Min) 

Av 

Voltage Gain 

V| N = ±10V 

0.87 

0.85 

0.8 


V/V (Min) 

C IN 

Input Capacitance 


10 



pF 

Rout 

Output Impedance 

Vout= ±10V 


5 


n 

v 0 

Output Voltage Swing 


±11 

±10 

±8 


V (Min) 

LSV 0 

Low Supply Output 

Voltage Swing 

V s = ±5.0V 


±2 .5 


V (Min) 

is 

Supply Current 

V s = ± 15V, R|_ = oo, 

47 

60 

75 


mA 

LVIs 

Low Voltage Supply Current 

V s = ±5.0V 

45 

60 


mA 

Pd 

Power Consumption 

V s = ± 15V, R l = oo 

1.26 

1.8 


W 

Pd 

Power Consumption 

V s = ±5.0V, R L = oo 


600 


mW 

DC Electrical Characteristics Vs = ±15V, Rs = Rl = 50ft, T A = 25°C unless otherwise specified 

Symbol 

Parameter 

Conditions 

LH4009C 

Units 

(Max unless 
otherwise 
noted) 

Typical 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Output Offset 

(Note 4) 

10 

50 


mV 

'B 

Input Bias Current 

(Note 4) 

5 

30 


nA 

Av 

Voltage Gain 

V| N = ± 10V, R l = 1 kft 

0.92 

0.9 


V/V (Min) 

Av 

Voltage Gain 

V| N = ±10V 

0.87 

0.85 


V/V (Min) 

ClN 

Input Capacitance 





PF 

r out 

Output Impedance 

V 0 UT = i 10V 


5 


a 

Vo 

Output Voltage Swing 


±11 

±10 


V (Min) 

Vo 

Output Voltage Swing 

V s = ±5.0V 


±2.5 


V (Min) 

•s 

Supply Current 

V s = ±15V, R l = oo 

42 

60 


mA 

LVI S 

Low Voltage Supply Current 

V s = ±5.0V 

45 

60 


mA 

Pd 

Power Consumption 

V s = ±15V, R l = oo 

1.26 

1.8 


W 

Pd 

Power Consumption 

V s = ±5.0V, R l = °o 


600 


mW 
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LH4009/LH4009C 


Typical Performance Characteristics (Continued) 



TL/K/9405-10 



TL/K/9405-1 1 



TL/K/9405-12 



TL/K/9405-1 3 


Bandwidth Test Circuit 



Power Bandwidth Test Circuit 



1 GHz Power 
Amplifier 
Minicircuits 
No. ZHL-2-8 

TL/K/9405-1 5 
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Application Hints 

RECOMMENDED LAYOUT PRECAUTIONS: RF/video 
printed circuit board layout rules should be followed when 
using the LH4009 since it will provide power gain to frequen- 
cies over 200 MHz. Ground planes are recommended and 
power supplies should be decoupled at each device with 
low inductance capacitors. In addition, ground plane shield- 
ing may be extended to the metal case of the device since it 
is electrically isolated from internal circuitry. Alternatively, 
the case should be connected to the output to minimize 
input capacitance. 



SHORT CIRCUIT PROTECTION: The LH4009 features 
built-in short circuit protection. It will protect the device 
against output shorts to ground for up to 30 seconds. Be- 
yond that the device may get degraded. 

CAPACITIVE LOADING: The LH4009 is designed to drive 
capacitive loads such as coaxial cables in excess of several 
thousand picofarads without susceptibility to oscillation. 
However, peak current resulting from (C x dV/dt), should 


be limited below absolute maximum peak current ratings for 
the devices. 

( "At~ ) X ^ * 0UT ^ ± 250 m A 

In addition, power dissipation resulting from driving capac- 
tive loads plus standby power should be kept below pack- 
age power rating: 

Pdiss ^ P DC + P AC 
pkg. 

Pdiss * (V+ - V-) X Is + Pag 
pkg. 

p AC = (Vp-P ) 2 X f X C L 

where Vp-p = Peak-to-peak output voltage swing 
f = frequency 
C|_ = Load Capacitance 

OPERATION WITHIN AN OP AMP LOOP: The device may 
be used as a current booster or isolation buffer within a 
closed loop with op amps such as LH0032, LM6161, or 
LM118. An isolation resistor of 47fl should be used be- 
tween the op amp output and the input of LH4009. The wide 
bandwidth and high slew rate of the LH4009 assures that 
the loop has the characteristics of the op amp and that 
additional rolloff is not required. 

HARDWARE: In order to utilize the full drive capabilities of 
both devices, each should be mounted with a heat sink par- 
ticularly for extended temperature operation. The cases of 
both are isolated from the circuit and may be connected to 
system chassis. 

ATTENTION! 

POWER SUPPLY BYPASSING is necessary to prevent os- 
cillation in all circuits. Low inductance ceramic disc capaci- 
tance with the shortest practical lead lengths must be con- 
nected from each supply lead (within <y 4 to y 2 " of the 
device package) to a ground plane. Capacitors should be 
two 0.1 jllF ceramic and one 4.7 juF solid tantalum capaci- 
tors in parallel on each supply lead. 
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Typical Applications (Continued) 


Coaxial Cable Driver 

+ 15V 



TL/K/ 9405-7 


1W CW Final Amplifier 



TL/K/9405-8 


O 

(O 


o 

o 

<£> 


o 
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LH4010/LH4010C 


JOT National 
JlA Semiconductor 


LH4010/LH4010C Fast 


FET Buffer 


General Description 

The LH4010/LH4010C is a high speed, FET input, voltage 
follower/buffer designed to provide high current drive at fre- 
quencies from DC to over 100 MHz. LH4010 will provide 
±100 mA into 5011 loads (±250 mA peak) at slew rates of 
2500 V/jas. In addition, both exhibit excellent phase linearity 
up to 20 MHz. 

The LH4010 is intended to fulfill a wide range of buffer appli- 
cations such as high speed line drivers, video impedance 
transformation, nuclear instrumentation amplifiers, op amp 
isolation buffer for driving reactive loads and high imped- 
ance input buffers for high speed ADCs and comparators. 
These devices are constructed using specially selected 
junction FETs and active laser trimming to achieve guaran- 
teed performance specifications. The LH4010 is specified 
for operation from -55°C to +125°C; whereas, the 
LH4010C is specified from -25°C to +85°C. The LH4010/ 
LH401 0C is available in a 1 .5W metal TO-8 package or a 1 6 
lead dual-in-line package, N16A. 


Features 

■ Slew rate 2500 V/jas 

■ Wide range single or dual supply operation 

■ Power bandwidth DC to 20 MHz 

■ High output drive ±10V with 10011 load 

■ Low phase non-linearity 2° 

■ Fast rise times 2 ns 

■ High current gain 120 dB 

■ High input resistance 10 10fi 

■ Pin compatible with LH0033 

Applications 

■ High speed cable driver 

■ Isolation buffer 

■ ADC input buffer 

■ Op amp current booster 


Schematic and Connection Diagram 

LH4010/LH4010C 



SHORTED 

TL/K/9349-16 


Pin numbers shown for TO-8 (“G”) package. 


Top View 


NC 
V + 

NC 
INPUT 
OFFSET ADJUST 
OFFSET PRESET 
V" 

V(f 

TL/K/9349-24 

Order Number LH4010CN 
See NS Package Number N16A 



Metal Can Package (TO-8) 



Order Number LH4010G or LH4010CG 
See NS Package Number H12B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V~) 40V 

Maximim Power Dissipation 

(See Curves) 1 .5W 

Maximum Junction Temperature 175°C 

Input Voltage Equal to Supplies 


Output Current, Continuous 
Pulsed 

Operating Temperature Range 
LH4010C 
LH4010 

Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 


±100 mA 
±250 mA 

— 25°C to +85°C 

— 55°C to +125°C 

— 65°C to + 1 50° C 

300°C 


DC Electrical Characteristics 

Vs = ±15V, V|n = 0V, R|_ = Ik, Ta = 25°C unless otherwise noted (Note 1) 


Symbol 

Parameter 

Conditions 

LH4010C 

Units 

(Max Unless 
Otherwise Noted) 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Output Offset 

Voltage 

V| N = 0V,T a = Tj = 25°C 
(Note 4) 

5 

10 

20 

mV 

•b 

Input Bias Current 

Tj = 25°C (Note 1) 

0.5 

1 

50 

nA 

Vo 

Output Voltage Swing 

V| N = ± 14V (Note 1) 


±12 

±12 

V (Min) 

V| N = ±10.5, R l = 100H 


±9 


V (Min) 

Rin 

Input Impedance 

Tj = 25°C, V| N = ±1V 

ioio 



rt 

Is 

Supply Current 


22 

26 


mA 

Rout 

Output Impedance 

V|N = ±V DC , 

AR|_ = lOOfl to oo 


10 


n 

a v 

Voltage Gain 

V| N = ±10V 


0.96 

0.96 

V/V (Min) 

V| N = ±iov, r l = ioon 


0.90 

0.90 

V/V (Min) 
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LH4010/LH4010C 


DC Electrical Characteristics v s = ± 1 5v, V| N = ov, r l = i k, t a = 25°c otherwise noted (Note i ) 

Symbol 

Parameter 

Conditions 

LH4010 

Units 

(Max Unless 
Otherwise Noted) 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset 

V|N = 0V, T A = Tj = 25°C 
(Notes 1 , 4) 

5 

10 


mV 


25 


>b 

Input Bias Current 

Tj = 25°C 
(Notes 1 , 4) 

200 

500 


pA 


10 


nA 

Vo 

Output Voltage Swing 

V| N =±14V 


±12 


V (Min) 

V| N = ±10.5, RL= 100ft, 
T a = 25°C 


±9 


V (Min) 

Rin 

Input Impedance 

Tj = 25°C, 

V, N = ±1V 

ioio 



ft 

•s 

Supply Current 


22 

26 


mA 

Rout 

Output Impedance 

V|n - ±V D c (Note 4) 

AR[_ = 100ft to °° 


8 


ft 

A V 

Voltage Gain 

V iN = +10V 


0.97 


V/V (Min) 

V| N = ±10V, RL = 100ft 


0.92 


V/V (Min) 

AC Electrical Characteristics v s = ±isv, r l = j \ m, r s = soft,T A = 25°c unless otherwise noted 

Symbol 

Parameter 


LH4010/LH4010C 

Units 

(Max Unless 
Otherwise Noted) 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

t r 

Small Signal Rise 

Time (Note 5) 

AV| N = 0.5V 

1.5 



ns 

R L = 50ft, V| N = 0.5V 


2.5 

x p 

Propagation Delay 
(Note 5) 

AV| N = 0.5V 

2.0 



ns 

BW 

Small Signal Bandwidth 
(Note 7) 


200 



MHz (Min) 

R[_ = 50ft 



140 

SR 

Slew Rate (Note 6) 

V iN = ±5V 

2500 

2000 


V/juis (Min) 

Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4010C is -25°C to +85°C, and LH4010 is -55°C 
to + 125°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature or temperature range. These limits are not used to calculate 
outgoing quality level. 

Note 4: Specifications are at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed 
value at Tj = 25°C. 

Note 5: See AC Test Circuit. 

Note 6: Slew rate is measured between +2.5V and -2.5V. See AC Test Circuit. 

Note 7: Bandwidth is calculated from rise time with / = t r /ir. 
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LH4010/LH4010C 


AC Test Circuit 



TL/K/9349-2 


Application Hints 

Recommended Layout Precautions: RF/ video printed cir- 
cuit board layout rules should be followed when using the 
LH4010 and LH4010C since they will provide power gain to 
frequencies over 100 MHz. Ground planes are recommend- 
ed and power supplies should be decoupled at each device 
with low inductance capacitors. In addition, ground plane 
shielding may be extended to the metal case of the device 
since it is electrically isolated from internal circuitry. Alterna- 
tively the case should be connected to the output to mini- 
mize input capacitance. 


where: 

Ay = No load voltage gain, typically 0.99 
V + = Positive supply voltage 
V - = Negative supply voltage 
For the above example, A Vq would be -35 mV. This may 
be adjusted to zero as discussed above. For AC coupled 
applications, no additional offset occurs if the DC input is 
properly biased as illustrated in the “typical applications” 
section. 


Offset Voltage Adjustment: Both the LH4010 and 
LH4010C offset voltages have been actively trimmed by la- 
ser to meet guaranteed specifications when the offset pre- 
set pin is shorted to the offset adjust pin. This pre-calibra- 
tion allows the devices to be used in most DC or AC applica- 
tions without individually offset nulling each device. If offset 
null is desirable, it is simply obtained by leaving the offset 
preset pin open and connecting a trim pot of 100H 
between the offset adjust pin and V - as illustrated in Fig- 
ure 1. 



FIGURE 1. Offset Zero Adjust for LH4010 
Operation from Single or Asymmetrical Power Supplies: 

Both device types may be readily used in application where 
symmetrical supplies are unavailable or not desirable. A typ- 
ical application might be an interface to a MOS shift register 
where V+ = + 5VandV~ = -12V. In this case, an appar- 
ent output offset occurs due to the device’s voltage gain of 
less than unity. This additional output offset error may be 
predicted by: 

(V+ - V - ) , 

AV 0 S (1 - Ay) = 0.005 (V + - V“) 


Short Circuit Protection: In order to optimize transient re- 
sponse and output swing, output current limit has been 
omitted from the LH4010 and LH4010C. Short circuit pro- 
tection may be added by inserting appropriate value resis- 
tors between V+ and Vc+ pins and V - and Vc~ pins as 
illustrated in Figure 2. Resistor values may be predicted by: 

/+ — v~ 

<SC 

where: 


_ V* 
Rlim - i — = 
'SC 


isc ^ 100 mA 

The inclusion of limiting resistors in the collectors of the 
output transitors reduces output voltage swing. Decoupling 
Vq + and V c ~ pins with capacitors to ground will retain full 
output swing for transient pulses. An alternate active current 
limit technique that retains full DC output swing is shown in 
Figure 3. 



TL/K/9349-14 

FIGURE 2 
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Applications Hints (Continued) 



Using Current Sources 

Capacitive Loading: The LH4010 is designed to drive ca- 
pacitive loads such as coaxial cables in excess of several 
thousand picofarads without being susceptible to oscillation. 
However, peak current resulting from (C x dV/dt ) should 
be limited below absolute maximum peak current ratings for 
the devices. 

Thus: 

| - ^| N '| x Cl ^ Iout ^ ±250 mA 

Typical Applications 

Nuclear Particle Detector 



In addition, power dissipation resulting from driving capcita- 
tive loads plus standby power should be kept below total 
package power rating: 

P diss ^ p DC + p AC 
pkg 

Pdiss S (V + - V-) X Is + P AC 
Pkg 

p AC s (V P P)2 X f X C L 

where: Vpp = Peak-to-peak output voltage swing 

f = frequency 
Cl = Load Capacitance 

Operation Within an Op Amp Loop: Both devices may be 
used as a current booster or isolation buffer within a closed 
loop with op amps such as LH0032, LM6361, or LM118. An 
isolation resistor of 4 7SI should be used between the op 
amp output and the input of LH4010. The wide bandwidths 
and high slew rates of the LH4010 assure that loop has the 
characteristics of the op amp and that additional rolloff is 
not required. 

Hardware: In order to utilize the full drive capabilities of the 
device, it should be mounted with a heat sink particularly for 
extended temperature operation. The case is isolated from 
the circuit and may be connected to system chassis. 

ATTENTION! 

Power supply bypassing is necessary to prevent oscillation 
in all circuits. Low inductance ceramic disc capacitors with 
the shortest practical lead lengths must be connected from 
each supply lead (within < y 4 " to y 2 " of the device pack- 
age) to a ground plane. Capacitors should be one or two 
0.1 juF in parallel; adding a 4.7 ju.F solid tantalum capacitor 
will help in troublesome instances. 


High Input Impedance AC Coupled Amplifier 
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LH4010/LH4010C 


Typical Applications (Continued) 

Coaxial Cable Driver 



’Select Ci for optimum pulse response. 


Instrumentation Shield/Line Driver Single Supply AC Amplifier 


V + = 1 2V 
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Typical Applications (Continued) 


4.5 MHz Notch Filter 



f o 


2tt R1C1 
R1 = 2 R2 

ci-S 


TL/K/9349-22 


High Speed Sample and Hold 



'"Pin numbers shown for TO-8 (“G”) package. 


TL/K/9349-23 
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LH4011/LH4011C 


National 
Semiconductor 

LH401 1/LH401 1C Fast Open 

General Description 

The LH401 1 is a very high speed, FET input, voltage follow- 
er/buffer designed to provide high current drive at frequen- 
cies from DC to over 150 MHz. The LH401 1 /LH401 1C will 
provide ±200 mA into 50H loads (±500 mA peak) at slew 
rates of 5000 V/jas. In addition, it exhibits excellent phase 
linearity. 

The LH401 1 is intended to fulfill a wide range of buffer appli- 
cations. Due to its high speed it does not degrade the sys- 
tem performance. Its high output current makes it adequate 
for most loads. Only a single +10V supply is needed for a 
5 Vpp video signal. In addition, the LH401 1 can continuously 
drive 5011 coaxial cables. 

These devices are constructed using specially selected 
junction FET’s and active laser trimming to achieve guaran- 
teed performance specifications. The LH401 1 K is specified 
for operation from -55°C to +125°C; whereas, the 
LH4011CK is specified from -25°C to +85°C. LH4011K 
and LH4011CK are available in a 5W 8-pin TO-3 package. 
The LH4011CT is specified for operation from -25°C to 
+ 85°C and is available in an 11 -pin TO-220 package. 


Loop Buffer 

Features 

■ Fast 5000 V/|liS 

■ Wide range single or dual supply operation 

■ Wide bandwidth DC to 160 MHz 

■ High output drive ±10V with 50H load 

■ Low phase non-linearity <2° 

■ Fast rise times <2 ns 

■ High input resistance >10 10 H 

■ Pin compatible with LH0063 

Applications 

■ High speed line drivers 

■ Video impedance transformation 

■ Op amp isolation buffers 

■ Yoke driver for high resolution CRT 

■ High impedance input buffer 



Connection Diagrams 


Metal Can Package (TO-3), 8-Pin 



Note: Case is Electrically Isolated 

Order Number LH4011K or LH4011CK 
See NS Package Number K08A 


Plastic Package (TO-220), 11-Pin 


1 1 INPUT 
10 V+ 

9 V c + 

8 N/C 
7 N/C 
6 OUTPUT 
5 N/C 
4 V C - 
3 V- 

2 OFFSET ADJUST 
1 OFFSET PRESET 


TL/K/9423-19 

Top View 

Note: Metal Tab is Electrically Isolated 

Order Number LH4011CT 
See NS Package Number TA1 IB 


o 


4-70 



Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Peak Output Current 

please contact the National Semiconductor Sales Operating Temperature Range 

Office/Distributors for availability and specifications. LH401 1 

Supply Voltage (V+ - V~) 40V LH4011C 

Maximum Power Dissipation (See Curves) 3.2W Storage Temperature Range 

Maximum Junction Temperature 175°C Lead Temperature 

Input Voltage Equal to Supplies (Soldering, 1 0 seconds) 

Continuous Output Current ± 200 mA ESD 

DC Electrical Characteristics 

Vs ± 15V, RS = RL = 50H, T A = 25°C unless otherwise specified (Note 1) 

± 500 mA 

— 55°C to +125°C 
— 25°C to +85°C 

— 65°C to + 1 50°C 

300°C 

TBD 

Symbol 

Parameter 

Conditions 

LH4011 

Units (Max 

Unless Otherwise 
Noted) 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Output Offset 

r l = son 

R s < 100 kn (Note 4) 

10 

25 


mV 

100 


AVqs/AT 

Aver. Temp. Coeffic. 

R s < 100 Kn 

300 



jaV/°C 


of Output Offset Voltage 

Tmin < Ta < Tmax 





•b 

Input Bias Current 

(Note 4) 

10 

30 


nA 




100 


A v 

Voltage Gain 

V| N ±10V, R l = 1 kCt 

0.95 

0.94 


V/V (Min) 



R s < 100 kn 

0.92 


A v 

Voltage Gain 

V| N = ±10V, R L = 50 ft 

0.94 

0.92 


V/V (Min) 



R s < 100 kn 





C|N 

Input Capacitance 

Case Shorted to Output 

8 



PF 

Rout 

Output Impedance 

Vout = ±iov 


4 


ft 

v 0 

Output Current Swing 

V| N = ±10V, R s < 100 kn 

0.25 

0.2 


Amps (Min) 

v 0 

Output Voltage Swing 

R|_ = 5011 

11.4 

± 10 


V (Min) 

v 0 

Output Voltage Swing 

V s = ±5.0V, R l = 50H 

±2.7 

±2.5 


V (Min) 

Is 

Supply Current 

Rl = °°. Vs — +15V 

60 

68 


mA 

Is 

Supply Current 

V s = ±5.0V 

50 



mA 

Pd 

Power Consumption 

Rl = Vs = ± 15V 

1.8 



W 

Pd 

Power Consumption 

V s = ±5.0V 

0.5 



W 
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LH401 1/LH401 1C 




LH401 1/LH401 1C 


DC Electrical Characteristics 

Vs ±15V, RS = RL = 50ft, Ta = 25°C unless otherwise specified (Note 1) 

Symbol 

Parameter 

Conditions 

LH4011C 

Units (Max 
Unless Otherwise 

Noted 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Output Offset 

Tj = 25°C, R l = 50ft 

R s < 100 kft (Note 4) 

10 

50 


mV 

AVos/AT 

Aver. Temp. Coeffic. 
of Output Offset Voltage 

R s < 100 kft 

Tmin ,< Ta < T max 

300 



jxV/°C 

•b 

Input Bias Current 

(Note 4) 

10 

30 


nA 

A v 

Voltage Gain 

V| N = ±10V, R l = 1 kft 

R s < 100 kft 

0.95 

0.92 


V/V (Min) 

A v 

Voltage Gain 

V iN = ±10V, R L = 50ft, Tj = 25° C 
R s < 100 kft 

0.94 

0.9 


V/V (Min) 

C|N 

Input Capacitance 

Case Shorted to Output 

8 



PF 

Rout 

Output Impedance 

Vout = ±iov 


4 


ft 

v 0 

Output Current Swing 

V IN = +10V, R s < 100 kft 

0.25 

0.2 


Amps (Min) 

v 0 

Output Voltage Swing 

Rl = 50ft 

11.4 

±10 


V (Min) 

Vo 

Output Voltage Swing 

Vs = ±5.0V, R l = 50ft 

±2.7 

±2.5 


V (Min) 

Is 

Supply Gurrent 

Rl = 00 , v s = ± 15V 

60 

68 


mA 

•s 

Supply Current 

Vs = +5.0V 

50 



mA 

Pd 

Power Consumption 

Rl = 00 , Vs = ± 15V 

1.8 



W 

Pd 

Power Consumption 

Vs = +5.0V 

0.5 



W 

AC Electrical Characteristics tj = 25 c, v s = +i5v,r s = son, r l = son 

Symbol 

Parameter 

Conditions 

LH4011C/LH4011 

Units (Max 
Unless Otherwise 
Noted) 

Typical 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

SR 

Slew Rate 

R l = 50ft, V| N = 20 Vpp, 20% to 80% 

5000 



V/JU.S 

BW 

Bandwidth 

V|n = 1.0 Vrms 

160 

140 


MHz 

PBW 

Power Bandwidth 

AV|n = 20 Vpp 

80 

60 


MHz (Min) 


Phase Non-Linearity 

BW = 1.0 MHz to 50 MHz 

2 



deg. 


Rise Time 

A V| N = 1 Vpp 

1.6 



ns 


Propagation Delay 

AVin = 1 Vpp 

1.9 



ns 


Harmonic Distortion 


<0.1 



% 

Note 1 : Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH401 1C is — 25°Cto + 85°C, and LH4011 is -55°C 
to 125°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature range. These limtis are not used to calculate outgoing quality level. 

Note 4 : Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed value 
at Tj = 25°C. 
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Typical Performance Characteristics 


a : 

S 

o 


Power Dissipation 

6 
5 
4 
3 
2 
1 

0 

0 25 50 75 100 125 150 

TEMPERATURE (°C) 




-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Supply Current vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Swing vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

TL/K/9423-3 


Frequency 

Response 



Small Signal Rise Time 




o 

o 



Large Signal Fall Time 



TIME (1 ns/div.) 

TL/K/9423-4 


TIME (1 ns/div.) 

TL/K/9423-15 


TIME (2 ns/div.) 

TL/K/9423-16 


Large Signal Rise Time 


















— ' 







7 

r l 

= 50 

£L 






l 


Vs 

= ± 

L_ 

5V 





J 

f 


: 











_ 
















TIME (1 ns/div.) 

TL/K/9423-5 
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LH401 1/LH401 1C 


Schematic Diagram 


LH4011/LH4011C 



TL/K/9423-2 


Bandwidth Test Circuit 



Power Bandwidth Test Circuit 



1 GHz Power 
Amplifier 
Minicircuits 
No. ZHL-2-8 

TL/K/9423-14 

FIGURE 2. Power Bandwidth Test Circuit 
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Application Hints 

Recommended Layout Precautions: RF/video printed circuit 
board layout rules should be followed when using the 
LH4011 since it will provide gain to frequencies over 
160 MHz. Ground planes are recommended and power sup- 
plies should be decoupled at each device with low induc- 
tance capacitors. In addition, ground plane shielding may be 
extended to the metal case of the device since it is electri- 
cally isolated from internal circuitry. Alternatively, the case 
should be connected to the output to minimize input capaci- 
tance. 

Short Circuit Protection: Short circuit protection may be add- 
ed by inserting appropriate value resistors between V+ and 
Vc + pins and V~ and Vq _ pins as illustrated in Figure 4. 
Resistor values may be predicted by: 



The inclusion of limiting resistors in the collectors of the 
output transistors reduces output voltage swing. Decoupling 
Vc + and Vc” pins with capacitors to ground will retain full 
output swing for transient pulses. 



TL/K/9423-7 

FIGURE 3. Offset Zero Adjust 


v + 



TL/K/9423-8 

FIGURE 4. Using Resistor Current Limiting 
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LH401 1/LH401 1C 


Application Hints (Continued) 

Capacitive Loading: The LH401 1 is designed to drive capac- 
itive loads such as coaxial cables in excess of several thou- 
sand picofarads without susceptibility to oscillation. Howev- 
er, peak current resulting from (C x dV/dt), should be limit- 
ed below absolute maximum peak current ratings for the 
devices. 

(^p) x C L S Iout^ ± 500 mA 

In addition, power dissipation resulting from driving capaci- 
tive loads plus standby power should be kept below the 
package power rating. 

p diss ^ P dc + p AC 
pkg. 

P diss * (V + - V") x Is + P AC 
pkg- 

p AC = (Vp.p)2 X f X C L 

where V p . p = Peak-to-peak output voltage swing 
f = frequency 
C[_ = Load Capacitance 

Typical Applications 


Operation Within an Op Amp Loop: The device may be used 
as a current booster or isolation buffer within a closed loop 
with op amps such as LH0032, LM61 61 , or LM1 1 8. An isola- 
tion resistor of 4711 should be used between the op amp 
output and the input of LH4011. The wide bandwidth and 
high slew rate of the LH401 1 assures that the loop has the 
characteristics of the op amp and that additional compensa- 
tion is not required. 

Hardware: In order to utilize the full drive capabilities of both 
devices, each should be mounted with a heat sink particu- 
larly for extended temperature operation. The cases of both 
are isolated from the circuit and may be connected to sys- 
tem chassis. 

ATTENTION! 

Power supply bypassing is necessary to prevent oscillation 
in all circuits. Low inductance ceramic disc capacitance with 
the shortest practical lead lengths must be connected from 
each supply lead (within y 4 to y 2 " of the device package) to 
a ground plane. Capacitors should be two 0.1 /xF ceramic 
and one 4.7 juF solid tantalum capacitors in parallel on each 
supply lead. 


Coaxial Cable Driver 


+ 15V 



TL/K/9423-9 


1W CW Final Amplifier 



TL/K/9423-10 


4-76 




Typical Applications (Continued) 


Isolation Buffer 



TL/K/9423-12 


Laser Diode Transmitter 

+15V +15V 



TL/K/9423-17 


Guard Driver 



TL/K/9423-18 
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LH4012/LH4012C 


National 
Semiconductor 

LH4012/LH4012C Wideband 

General Description 

The LH4012 is a very high speed buffer designed to provide 
high current drive at frequencies from DC to over 400 MHz. 
The LH4012/LH4012C will provide ±200 mA into 50fl 
loads at slew rates of 11500 V/jus. In addition, it exhibits 
excellent phase linearity. 

The LH401 2 is intended to fulfill a wide range of buffer appli- 
cations. Due to its high speed it does not degrade the sys- 
tem performance. Its high output current makes it adequate 
for most loads. Only a single + 10V supply is needed for a 
5 Vpp video signal. 

These devices are constructed using specially selected bi- 
polar transistors to achieve guaranteed performance speci- 
fications. The LH4012K is specified for operation from 
-55°C to + 125°C; the LH4012CK is specified from -25°C 
to +85°C. Both devices are available in an 8-pin TO-3 pack- 
age. 


Buffer 

Features 

■ Internal supply bypass capacitors 

■ Ultra fast slewing 11500 V/jlls 

■ Wide range single or dual supply operation 

a Wide bandwidth DC to 490 MHz 

a High output drive ±10V with 50fl load 

a Low phase non-linearity 1 deg. 

a Fast rise times 1.2 ns 

Applications 

a High speed line drivers 
a Video impedance transformation 
a Op amp isolation buffers 
a Yoke driver for high resolution CRT 



Schematic Diagram 

LH4012 Metal Can Package (TO-3) 



Case is Electrically Tied to Pins 4 and 6 (Ground) 

Order Number LH4012K or LH4012CK 
See NS Package Number K08A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V + , -V~) 40V 

Maximum Power Dissipation (See Curves) 3W 

Maximum Junction Temperature 1 75°C 

Input Voltage |Vqut ±Vjn|<3V 

Output Current, Continuous +200 mA 

Peak ±400 mA 

Operating Temperature Range 

LH4012 — 55°C to +125°C 

LH4012C — 25°C to +85°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 

ESD TBD 

DC Electrical Characteristics 

Vs = ±15V, Rs = Rl = 50n, T a = + 25°C, unless otherwise specified (Note 1) 








LH4012 

Units (Max 

Symbol 

Parameter 

Conditions 


Typical 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

unless 

Otherwise 

Noted) 

Vos 

Output Offset 



+ ?0 

±50 


mV 






±55 


AVos/AT 

Aver. Temp. Coeffic. 
of Output Offset Voltage 

Tmin < Ta < Tmax 

30 



juV/°C 

>B 

Input Bias Current 
(Note 4) 


0.2 

0.7 


mA 

A V 

Voltage Gain 

V| N = ±10V, r l = 

1 k a 

0.98 

0.95 


V/V (Min) 

A V 

Voltage Gain 

V| N = +10V 


0.93 

0.9 


V/V (Min) 





0.9 


C|N 

Input Capacitance 


7 



PF 

r OUT 

Output Impedance 

V 0U T= ± 10V 

2.3 

4.5 


a 

v 0 

Output Voltage Swing 



11.4 

10 


V (Min) 





9 


PSRR 

Power Supply 

Rejection Ratio 


70 



dB 

LSA V 

Low Supply 

Vs = ±5V, 


0.92 

0.85 


V/V (Min) 


Voltage Gain 

V| N - ±2.5V 


0.85 


LSV 0 

Low Supply Output 

Voltage Swing 

V s = ±5V 

3.4 

2.5 


V (Min) 

Is 

Supply Current 

Rl = °°. Vs = ±15V 

65 

75 


mA 





80 


LVI S 

Low Voltage 

Supply Current 

V s = ±5V 

21 

30 


mA 

P D 

Power Consumption 

R L = °°, V s = ± 15V 

1.95 

2.25 


W 

Pd 

Power Consumption 

Rl = oo, V s = ±5.ov 

0.21 

0.3 


W 
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LH4012/LH4012C 


DC Electrical Characteristics 

Vs = ±15V, Rg = R|_ = 50fl, Ta = +25°C, unless otherwise specified (Note 1) 

Symbol 

Parameter 

Conditions 

LH4012C 

Units (Max 
unless 
Otherwise 
Noted) 

Typical 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vqs 

Output Offset 


±20 

±50 


mV 

AV 0S /AT 

Aver. Temp. Coeffic. 
of Output Offset Voltage 

Tmin < Ta < Tmax 

30 



/xV/°C 

>B 

Input Bias Current (Note 4) 


0.2 

0.7 


mA 

A V 

Voltage Gain 

V| N = ±iov,r l = i ka 

0.98 

0.95 


V/V (Min) 

A V 

Voltage Gain 

Vim = ± 1 0V 

0.93 

0.9 


V/V (Min) 

C|N 

Input Capacitance 


7 



PF 

Rout 

Output Impedance 

VoUT ~ ±10V 

2.3 

4.5 


n 

v 0 

Output Voltage Swing 


11.4 

10 


V (Min) 

PSRR 

Power Supply 

Rejection Ratio 


70 



db (Min) 

LSA V ' 

Low Supply 

Voltage Gain 

Vs = +5V, 

V| N = ±2.5V 

0.92 

0.85 


V/V (Min) 

LSV 0 

Low Supply Output 

Voltage Swing 

V s = ±5V 

3.4 

2.5 


V (Min) 

is 

Supply Current 

R L = oo, V s = ± 15V 

65 

75 


mA 

LVI S 

Low Voltage 

Supply Current 

V s = ±5V 

21 

30 


mA 

Pd 

Power Consumption 

R l = oo, v s = ± 15V 

1.95 

2.25 

• 

W 

Pd 

Power Consumption 

V s = ±5.0V 

0.21 

0.3 


W 

AC Electrical Characteristics tj = +25°c,v s = +i5v,r s = son, r l = son (Notes) 

Symbol 

Parameter 

Conditions 

LH4012/LH4012C 

Units (Max 
unless 

Otherwise 

Noted) 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

SR 

Slew Rate 

V| N = 20 Vp_p 

11500 



V/jLLS 

SSBW 

Small Signal 

Bandwidth 

V| N = 0.223 Vrms 

460 

400 


MHz (Min) 

PBW 

Power Bandwidth 

R L = 50H, V| N = 10V P _p 

230 

200 


MHz 


Phase Non-Linearity 

BW = 1.0 MHz to 100 MHz 

1 



Degrees 


Rise Time 

V|n = 20 Vp_p, t r = 500 ps 

1.2 



ns 


Propagation Delay 

Vin = 20 V P _p 

1 



ns 


Harmonic Distortion 

V|N = 10 Vp_ P 
f = 100 MHz 

0.5 



% 

Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4012C is -25°C to +85°C, and LH4012 is -55°C 
to + 1 25°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature or temperature range. These limits are not used to calculate 
outgoing quality level. 

Note 4: Specifications is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed 
value at Tj = 25°C. 

Note 5: For test circuits see Figures 1, 2. 
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LH4012/LH4012C 


Typical S Parameters v s = ±isv, r l = r s = son 


f 

S11 

S21 

S12 

S22 

MHz 

Mag 

Ang 

dB 

Ang 

dB 

Ang 

Mag 

Ang 

10 

0.99 

-3 

5.27 

-3.7 

-60 

54 

0.87 

176 

100 

0.99 

-26 

5.20 

-33 

-32 

129 

0.92 

167 

250 

1.0 

-82 

5.15 

-94 

-14 

69 

0.94 

138 

500 

0.80 

-170 

1.20 

-182 

-10 

-22 

0.60 

96 


Small Signal Bandwidth Test Circuit 



Power Bandwidth Test Circuit 



1 GHz Power 
Amplifier 
Minicircuits 
No. ZHL-2-8 

FIGURE 2. Power Bandwidth Test Circuit 


TL/K/9720-5 
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Application Information 

LAYOUT: Breadboards should have a solid ground plane 
and short point-to-point wiring. Do not use wire wrap boards 
or techniques. PC boards should have short connections 
and as much ground plane as possible. 

It is best to have a layout without sockets, but sockets with 
shortpins and receptacles do not significantly degrade the 
performance. 

The LH4012 has built-in 0.01 jaF power supply bypass ca- 
pacitors, but additional 4.7 juF tantalum capacitors are 
needed a maximum of 1 " distant from the pins. 

Input and output signals should be fed by coax or microstrip 
if the distances are more than a few inches to avoid imped- 
ance mismatches and resulting reflections. However, inside 
a feedback loop all connections should be short to avoid 
time delays and the associated phase shifts. 

SOURCE RESISTANCE: The LH4012 is designed to work 
from a 50H or higher source impedance. If driven from a low 
source impedance, especially if it is inductive, a series input 
resistor is recommended that brings the source impedance 
to 50fl, or instabilities could result. 

CAPACITIVE LOADING: As with all buffers, capacitive 
loading can lead to instabilities. This can be minimized by 
reducing the phase angle of the load with a resistor either in 
series or in parallel with the capacitor or with a combination 
of both. 

The charge current of the load capacitor, 
dV 

C Load x — 
dT 

should be considered when the load current is checked 
against its absolute maximum limit. 

In addition, power dissipation resulting from driving capaci- 
tive loads plus standby power should be kept below the 
package power rating. 

p AC + P DC < Ppkg. Diss. 
p AC = (Vpp) 2 x f x C load 
Pdc = (V+ - V-) X Is 
where Vpp = output voltage swing 
f = Frequency 


OPERATION WITHIN AN OP AMP LOOP: The device may 
be used as a current booster or isolation buffer within a 
closed loop with op amps such as LH0032, LM6161, or 
LM118. An isolation resistor of 47fi should be used be- 
tween the op amp output and the input of the LH4012. The 
wide bandwidth and high slew rate of the LH4012 assures 
that the loop has the characteristics of the op amp and that 
additional frequency compensation is not required. 
HEATSINK: In order to utilize the full drive capabilities of 
both the LH4012K or the LH4012CK, the device should be 
mounted with a heatsink, particularly for extended tempera- 
ture operation. 

VOLTAGE SWING: Input voltage is allowed to swing be- 
tween positive and negative supply voltage levels, but it 
must be within ±3V of the output voltage. If the voltage 
differential from input to output is greater than ±3V the 
base-to-emitter diode of one of the input transistors will be 
broken down in reverse and the transistor will be degraded 
and could be destroyed. 

SHORT CIRCUIT PROTECTION: In the interest of high per- 
formance the LH4012 has been designed without built-in 
protection. The simplest protection is a series resistor in the 
output. This approach has the advantage that input and out- 
put voltage of the buffer stay close together even during a 
shorted load. The main disadvantage is that the output volt- 
age swing is reduced. Accuracy is normally not a problem, 
since the voltage drop across the protection resistor can be 
compensated for by more gain somewhere else in the cir- 
cuit. This is especially true if the buffer is used within the 
feedback loop of an opamp. 
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Application Information (Continued) 


Output Short Circuit Protection 
Using a Series Resistor 

+15V 



Offset Adjust 



Isolation Buffer 

+ 15V 



Coaxial Cable Driver 
+15V 



TL/K/9720-9 



Application information (Continued) 


Laser Diode Transmitter 

+15V +15V 



TL/K/9720-12 

VHF Power Oscillator 100 MHz 1 W 

+ 15V 



TL/K/9720-1 1 




LH4033C/LH4063C 


National 
Semiconductor 

LH4033C/LH4063C Fast and 
Ultra Fast Buffer Amplifiers 

General Description 

The LH4033C and LH4063C are high speed, FET input, 
voltage follower/ buffers designed to provide high current 
drive at frequencies from DC to over 100 MHz. The 
LH4033C will provide ±10 mA into 1 kft loads (±100 mA 
peak) at slew rates of 1500 V/jus. The LH4063C will provide 
±250 mA into 50H loads (±500 mA peak) at slew rates of 
up to 6000 V/jus. In addition, both exhibit excellent phase 
linearity up to 20 MHz. 

Both are intended to fulfill a wide range of buffer applica- 
tions such as high speed line drivers, video impedance 
transformation, nuclear instrumentation amplifiers, op amp 
isolation buffer for driving reactive loads and high imped- 
ance input buffers for high speed ADCs and comparators. In 
addition, the LH4063C can continuously drive 50H coaxial 
cables or be used as a diddle yoke driver for high resolution 
CRT displays. For additional applications information, see 
AN-48. 

These devices are constructed using specially selected 
junction FETs and active laser trimming to achieve guaran- 
teed performance specifications. The LH4033C and 
LH4063C are specified from -25°C to +85°C. The 
LH4033C is available in a 16-pin plastic DIP. The LH4063C 
is available in an 11 -lead TO-220 package. 


Features 

■ Fast (LH4063) 6000 V/|xS 

■ Wide range single or dual supply operation 

■ Wide power bandwidth DC to 100 MHz 

■ High output drive ±10V with 50fl load 

■ Low phase non-linearity 2° 

■ Fast rise times 2 ns 

■ High current gain 120 dB 

■ High input resistance 10 10 fl 

Applications 

■ High speed ATE 

■ Coaxial cable driver 

■ Isolation buffer 

■ High speed S/H amplifier 

■ High frequency filter 

■ Flash A/D buffer 



Connection Diagrams 



Order Number LH4063CT 
See NS Package Number TA1 1 A 



Order Number LH4033CN 
See NS Package Number N16A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage (V + - V - ) 40V 

Maximum Power Dissipation (See Curves) 

LH4063C 5W 

LH4033C 1.5W 

Maximum Junction T emperature 1 75°C 

Input Voltage ±Vs 

Continuous Output Current 

LH4063C ±250 m A 

LH4033C ± 100mA 


DC Electrical Characteristics Vs = +15V, T M | N < Ta < Tmax unless otherwise specified (Note 1) 




Limits 


Parameter 

Conditions 

LH4033C 

Units 



Min 

Typ 

Max 


Output Offset Voltage 

R s = 100ft, Tj = 25°C, V iN = 0V 


12 

20 

mV 


R s = 100ft (Note 2) 



25 

mV 

Average Temperature Coefficient 

R s = 100ft, V| N = OV 


50 

100 

juV/°C 

of Offset Voltage 

(Note 3) 


Input Bias Current 

V (N = 0V Tj = 25°C (Note 2) 



500 

pA 


T a = 25°C (Note 4) 



5.0 

nA 


Tj = T A = T M ax 



20 

nA 

Voltage Gain 

v 0 = ±iov, r s = iooft, 

R l = l.Okft 

0.96 

0.98 

1.00 

V/V 

Input Impedance 

R[_ = 1 kft 

1010 

ion 


ft 

Output Impedance 

V| N = +1.0V, R|_ = 1.0k 


6.0 

10 

ft 

Output Voltage Swing 

V| = ± 14V, R l = 1.0k 

±12 



V 


V| = ± 10.5V, R l = 100ft, T A = 25°C 

±9.0 



V 

Supply Current 

V| N = 0V (Note 5), No Load 


21 

24 

mA 

Power Consumption 

V| N = 0V (No Load) 


630 

720 

mW 


AC Electrical Characteristics t a = 25°c, v s = ± i sv, r s = son, r l = i .0 m (Note 6) 


Parameter 

Conditions 

Limits 

Units 

LH4033C 

Min 

Typ 

Max 

Slew Rate 

V| N = ±10V 

1000 

1400 


V/jus 

Bandwidth 

V|n = 1.0 V rms 


100 


MHz 

Phase Non-Linearity 

BW = 1.0 to 20 MHz 


2.0 


Degrees 

Rise Time 

AV| N - 0.5V 


3.2 


ns 

Propagation Delay 

AV| N = 0.5V 


1.5 


ns 

Harmonic Distortion 

f > 1 kHz 


<0.1 


% 



Note 1: LH4033C is 100% production tested at 25°C only. Specifications at temperature extremes are verified by sample testing, but these limits are not used to 
calculate outgoing quality level. 

Note 2: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, V os may change one to several mV, and l B will change significantly during warm-up. Refer to l B vs. temperature graph for expected values. 

Note 3: LH4033C is sample tested only. Limits are not used to calculate outgoing quality levels. AVqs/AT is the average value calculated from measurements at 
25°C and Tmg^. 

Note 4: Measured in still air 7 minutes after, application of Power. Guaranteed through correlated automatic pulse testing. 

Note 5: Guaranteed through automatic pulse testing at Tj = 25°C. 

Note 6: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 


Peak Output Current 

LH4063C ± 500 mA 

LH4033C ± 250 mA 

Operating Temperature Range 
LH4033C and LH4063C - 25°C to + 85°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 
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LH4033C/LH4063C 


DC Electrical Characteristics Vg = ±15V, Tmin < Ta < Tmax unless otherwise specified (Note 1) 




Limits 


Parameter 

Conditions 

LH4063C 

Units 



Min 

Typ 

Max 


Output Offset Voltage 

R s < 100 kft.Tj = 25°C 


10 

50 

mV 


R l = 1 00H (Note 2) 



100 

mV 

Average Temperature Coefficient 
of Output Offset Voltage 

R s £ 100 k Cl 


300 


ju,V/°C 

Input Bias Current 

Tj = 25°C (Note 2) 


10 

30 

nA 





100 

nA 

Voltage Gain 

V| N = ±10V, Rg = 100 kn, 
r l - i.o kn 

0.94 

0.96 

1.0 

V/V 


V 1N = ±10V, Rg = 100 kn, 

R|_ = 50n, Tj = 25°C 

0.91 

0.93 

0.98 

V/V 

Input Capacitance 

Case Shorted to Output 


8.0 


PF 

Output Impedance 

VoUT = ± 10 V, Rg < 100 kn 

R|_ = son 


1.0 

4.0 

n 

Output Current Swing 

V iN = ±10V, Rg < 100kn 

0.2 

0.25 


Amps 

Output Voltage Swing 

R|_ = son 

±10 

±13 


V 


Vg = ±5.0V,R l = son, 

Tj = 25°C 

5.09 

7.0 

. 


Vp.p 

Supply Current 

Tj = 25°C, R l = oo, Vg = ±15V 
(Note 3) 


35 

65 

mA 


Vg = ± 5.0V (Note 3) 


50 


mA 

Power Consumption 

Tj = 25°C, R l = oo, 

Vg = ±15V 


1.05 

1.95 

W 


Vg = ±5.0V 


500 


mW 


AC Electrical Characteristics tj = 25 °c, v s = ± isv, r l = son (Note 4>, r s = sou 




Limits 


Parameter 

Conditions 

LH4063C 

Units 



Min 

Typ 

Max 


Slew Rate 

R L = 1.0kn,ViN = ±10V 


6000 


V/jULS 


V| N = ±10V, Tj = 25°C 

2000 

2400 


V/jas 

Bandwidth 

V| N “1*0 V rms 


200 


MHz 

Phase Non-Linearity 

BW = 1.0 to 20 MHz 


2.0 


Degrees 

Rise Time 

AV| N = 0.5V 


1.9 


ns 

Propagation Delay 

AV| N = 0.5V 


2.1 


ns 

Harmonic Distortion 



<0.1 


% 


Note 1: LH4063C is 100% production tested at 25°C only. Specifications at temperature extremes are verified by sample testing, but these limits are not used to 
calculate outgoing quality level. 


Note 2: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vos ma y change one to several mV, and Ib and los will change significantly during warm-up. Refer to Ib and los vs. temperature graph for expected 
values. 

Note 3: Guaranteed through correlated automatic pulse testing at Tj = 25°C. 

Note 4: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 
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Typical Performance Characteristics 


LH4033C Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LH4063C Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LH4063C DC Safe 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


LH4033C Supply Current vs 
Supply Voltage 



LH4063C Supply Current 
vs Supply Voltage 








T c = 

*85°C 


S' 




Z 

s' 

A 

= +25 

°c 

f\ 

Zj 











* 







5 10 15 20 


SUPPLY VOLTAGE (+V) 


LH4033C Output Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


LH4063C Output Voltage vs 
Supply Voltage 



LH4033C Negative Pulse 
Response 



0 10 20 30 40 50 60 


LH4033C Positive Pulse 
Response 



0 10 20 30 40 50 60 


SUPPLY VOLTAGE (+V) 


TIME (ns) 


TIME (ns) 


LH4033C Frequency 
Response 



1.0 2.0 5.0 10.0 20.0 50 100 


LH4033C Rise and Fall 
Time vs Temperature 



LH4063C Large Signal 



0 123456789 10 11 12 


FREQUENCY (MHz) 


TEMPERATURE (°C) 


TIME (ns) 

TL/K/1 0008-3 
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LH4033C/LH4063C 


Typical Performance Characteristics (Continued) 


LH4033C Input Bias Current 



0 25 50 75 100 125 

TEMPERATURE (°C) 


LH4063C Input Current 
vs Temperature 



LH4063C Frequency Response 



10 100 
FREQUENCY (MHz) 


LH4033C Normalized Input Bias 


LH4063C Small Signal 


Current During Warm-Up 




0 2 4 6 8 10 


7 8 


TIME FROM POWER TURN-ON (MINUTES) 


TIME (ns) 


LH4033C Input Bias Current 
vs Input Voltage 



INPUT VOLTAGE (V) 

TL/K/1 0008-4 


Application Hints 

Recommended Layout Precautions: RF/video printed cir- 
cuit board layout rules should be followed when using the 
LH4033C and LH4063C since they will provide power gain 
to frequencies over 100 MHz. Ground planes are recom- 
mended and power supplies should be decoupled at each 
device with low inductance capacitors. 

Offset Voltage Adjustment: Both the LH4033C’s and 
LH4063C’s offset voltages have been actively trimmed by 
laser to meet guaranteed specifications when the offset pre- 
set pin is shorted to the offset adjust pin. This pre-calibra- 
tion allows the devices to be used in most DC or AC applica- 
tions without individually offset nulling each device. If offset 
null is desirable, it is simply obtained by leaving the offset 
preset pin open and connecting a trim pot of 200fi for the 
LH4033C or 1 kft for the LH4063C between the offset ad- 
just pin and V - as illustrated in Figures 1 and 2. 



FIGURE 1. Offset Zero Adjust for LH4033C 



FIGURE 2. Offset Zero Adjust for LH4063C 


4-90 




Application Hints (Continued) 

Operation from Single or Asymmetrical Power Supplies: 

Both device types may be readily used in applications where 
symmetrical supplies are unavailable or not desirable. A typ- 
ical application might be an interface to a MOS shift register 
where V+ = + 5VandV~ = -12V. In this case, an appar- 
ent output offset occurs due to the device’s voltage gain of 
less than unity. This additional output offset error may be 
predicted by: 

(V+ - V~) 

AV 0 = (1 - A v ) 1 = 0.005 (V+ - V~) 

where: 

Av = No load voltage gain, typically 0.99 
V+= Positive supply voltage 
V - = Negative suply voltage 

For the above example, AVq would be -35 mV. This may 
be adjusted to zero by offset voltage adjustment described 
earlier. For AC coupled applications, no additional offset oc- 
curs if the DC input is properly biased as illustrated in the 
“typical applications” section. 

Short Circuit Protection: In order to optimize transient re- 
sponse and output swing, output current limit has been 
omitted from the LH4033 and LH4063. Short circuit protec- 
tion may be added by inserting appropriate value resistors 
between V+ and Vc + pins and V~ and Vc~ pins as illus- 
trated in Figures 3 and 4. Resistor values may be predicted 


by: 

v+ v- 
Rlim = : — = 7 — 

'SC 'SC 

where: 

l S c ^ 100 mA for LH4033C 
l S c £ 250 mA for LH4063C 


V + 



TL/K/1 0008-7 

FIGURE 3. LH4033C Using Resistor Current Limiting 

The inclusion of limiting resistors in the collectors of the 
output transistors reduces output voltage swing. Decoupling 
Vc + and Vc~ pins with capacitors to ground will retain full 
output swing for transient pulses. Alternate active current 


limit techniques that retain full DC output swing are shown in 
Figures 5, 6 and 7. In Figures 5 and 6, the current sources 
are saturated during normal operation thus apply full supply 
voltage to the Vc pins. Under fault conditions, the voltage 
decreases as required by the overload. For Figure 5: 


_ V BE _ 0.6V 
LIM l S c 60 mA 


ion 


In Figure 6, quad transistor arrays are used to minimize part 
count and: 


Rum = 


V BE 

1/3 dsc) 


0.6V 

1/3 (200 mA) 


= 8.2fl 


V + = +15V 



TL/K/1 0008-8 

FIGURE 4. LH4063C Using Resistor Current Limiting 



Using Current Sources 
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LH4033C/LH4063C 


Application Hints (Continued) 



Using Current Sources 

Capacitance Loading: Both the LH4033C and LH4063C 
are designed to drive capacitive loads such as coaxial ca- 
bles in excess of several thousand picofarads without sus- 
ceptibility to oscillation. However, peak current resulting 
from (CdV/dt) should be limited below absolute maximum 
peak current ratings for the devices. 

Thus for the LH4033C: 

( ~ At^ ) X ~ 'OUT ^ ±2 50 mA 
and for the LH4063C: 

X C L <: Iout ^ ±500 mA 

In addition, power dissipation resulting from driving capaci- 
tive loads plus standby power should be kept below total 
package power rating: 

p diss ^ p DC + P AC 
pkg 

:> (V+ - V-) X I S + P AC 
P AC = (Vp.p ) 2 X f X C|_ 

where Vp.p = Peak-to-peak output voltage swing 
f = Frequency 
Cl = Load Capacitance 


Operation Within an Op Amp Loop: Both devices may be 
used as a current booster or isolation buffer within a closed 
loop with op amps such as LH0032, LH0062, or LM118. An 
isolation resistor of 47fi should be used between the op 
amp output and the input of LH4033C. The wide bandwidths 
and high slew rates of the LH4033C and LH4063C assure 
that the loop has the characteristics of the op amp and that 
additional rolloff is not required. 

Hardware: In order to utilize the full drive capabilities of 
both devices, each should be mounted with a heat sink par- 
ticularly for extended temperature operation. 

DESIGN PRECAUTION 

Power supply bypassing is necessary to prevent oscillation 
with both the LH4033C and LH4063C in all circuits. Low 
inductance ceramic disc capacitors with the shortest practi- 
cal lead lengths must be connected from each supply lead 
(within <y 4 " to 1 / 2 " of the device package) to a ground 
plane. Capacitors should be one or two 0.1 fiF in parallel for 
the LH4033C; adding a 4.7 jmF solid tantalum capacitor will 
help in troublesome instances. For the LH4063C, two 
0.1 juF ceramic and one 4.7 /jlF solid tantalum capacitors in 
parallel will be necessary on each supply lead. 

Schematic Diagrams 


LH4033C 



SHORTED 

TL/K/1 0008-11 
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Schematic Diagrams (Continued) 


LH4063C 



SHORTED 


TL/K/1 0008-1 2 


Typical Applications 


High Speed Automatic Test Equipment 
Forcing Function Generator 



25V +5V 

TL/K/1 0008-1 3 
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LH4033C/LH4063C 


Typical Applications (Continued) 


Gamma Ray Pulse Integrator 



TL/K/10008-14 


Nuclear Particle Detector 


High Input Impedance AC Coupled Amplifier 


He 3 4 V 4 




Isolation Buffer Coaxial Cable Driver 
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National 
Semiconductor 

LM102/LM302 Voltage Followers 

General Description 

The LM102 series are high-gain operational amplifiers de- 
signed specifically for unity-gain voltage follower applica- 
tions. Built on a single silicon chip, the devices incorporate 
advanced processing techniques to obtain very low input 
current and high input impedance. Further, the input transis- 
tors are operated at zero collector-base voltage to virtually 
eliminate high temperature leakage currents. It can there- 
fore be operated in a temperature stabilized component 
oven to get extremely low input currents and low offset volt- 
age drift. 

The LM102, which is designed to operate with supply volt- 
ages between ±12V and ±15V, also features low input 
capacitance as well as excellent small signal and large sig- 
nal frequency response — all of which minimize high fre- 


Schematic Diagram 



quency gain error. Because of the low wiring capacitances 
inherent in monolithic construction, this fast operation can 
be realized without increasing power consumption. 

Features 

m Fast slewing — IOV/jus 
0 Low input current — 10 nA (max) 
m High input resistance — 10,000 Mfi 
m No external frequency compensation required 
si Simple offset balancing with optional 1 K potentiometer 
m Plug-in replacement for both the LM101 and LM709 in 
voltage follower applications 
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LM102/LM302 




LM102/LM302 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 6) 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ± 1 5V 

Output Short Circuit Duration (Note 3) Indefinite 


Electrical Characteristics (Note 4) 


Operating Free Air Temperature Range 
LM102 
LM302 


— 55°C to + 1 25°C 
0°Cto +70°C 


Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 

ESD rating to be determined. 


Parameter 

Conditions 

LM102 

LM302 

Units 

Min 

Typ 

Max 

Min 

Type 

Max 




Input Offset Voltage 

T a = 25°C 


2 

5 


5 

15 

mV 

Input Bias Current 

T a = 25°C 


3 

10 


10 

30 

nA 

Input Resistance 

T a = 25°C 

ioio 

1012 


109 

1012 


a 

Input Capacitance 




3.0 


3.0 


PF 

Large Signal Voltage 
Gain 

T a = 25°C, V s ± 15V, 

Vqut = + 10 V, R L = 8ka 

0.999 

0.9996 


0.9985 

0.9995 

1.0 

V/V 

Output Resistance 

T a = 25°C 


0.8 

2.5 


0.8 

2.5 

a 

Supply Current 

T a = 25°C 


3.5 

5.5 


3.5 

5.5 

mA 

Input Offset Voltage 




7.5 



20 

mV 

Offset Voltage 
Temperature Drift 



6 



20 


JuV/°C 

Input Bias Current 

T a = T a MAX 


3 

10 


3.0 

15 

nA 


T a = T a MIN 


30 

100 


20 

50 

nA 

Large Signal Voltage 

Vs — ± 1 5V, Vqut = — i ov, 

0.999 







Gain 

R L = 10 ka 







Output Voltage 

V s = ± 15V, R L = 10 ka 

±10 



±10 



v 

Swing 

(Note 5) 






Supply Current 

T a = 125°C 


2.6 

4.0 




mA 

Supply Voltage 
Rejection Ratio 

± 12V <: V s < ± 15V 

60 



60 



dB 


Note 1 : The maximum junction temperature of the LM102 is 150°C, while that of the LM302 is 85°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 20°C/W, junction to case. 

Note 2: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: It is necessary to insert a resistor (at least 5k and preferably 10k) in series with the input pin when the amplifier is driven from low impedance sources to 
prevent damage when the output is shorted and to ensure stability. 

Note 4: These specifications apply for ±12V £ Vs ^ ±15V and -55°C ^ Ta ^ 125°C for the LM102 and 0°C £Ta ^ 70°C for the LM302 unless otherwise 
specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V - terminals. See curve. 

Note 6: Refer to RETS102X for the LM102H military specifications. 

APPLICATION HINT 

The input must be driven from a source impedance of typically 10 ka (5 ka Min) to maintain stability. The total source 
impedance will be reduced at high frequencies if there is stray capacitance at the input pin. In these cases, a 10 ka resistor 
should be inserted in series with the input, physically close to the input pin to minimize the stray capacitance and prevent 
oscillation. 
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VOLTAGE GAIN (V/V) 






LM102/LM302 



FREQUENCY (Hz) 

TIME foj) 

AMBIENT TEMPERATURE ( U C) 



TL/H/7753-10 




Typical Applications 


Low Pass Active Filter 



Sample and Hold with Offset Adjustment 



High Pass Active Filter 



TL/H/7753-5 


High Input Impedance AC Amplifier 



TL/H/7753-6 




LM102/LM302 


Connection Diagram 


Metal Can Package 
Top View 

BALANCE 



Order Number LM102H or LM302H 
See NS Package Number H08C 


TL/H/7753-2 
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National 
Semiconductor 

LM110/LM210/LM310 Voltage Follower 

General Description 

The LM110 series are monolithic operational amplifiers in- 
ternally connected as unity-gain non-inverting amplifiers. 

They use super-gain transistors in the input stage to get low 
bias current without sacrificing speed. Directly interchange- 
able with 101, 741 and 709 in voltage follower applications, 
these devices have internal frequency compensation and 
provision for offset balancing. 

The LM110 series are useful in fast sample and hold cir- 
cuits, active filters, or as general-purpose buffers. Further, 
the frequency response is sufficiently better than standard 
1C amplifiers that the followers can be included in the feed- 
back loop without introducing instability. They are plug-in 
replacements for the LM102 series voltage followers, offer- 


ing lower offset voltage, drift, bias current and noise in addi- 
tion to higher speed and wider operating voltage range. 
The LM1 10 is specified over a temperature range — 55°C ^ 
T a ^ + 1 25°C, the LM210 from -25°C <; T A ^ +85°Cand 
the LM310 from 0°C ^ T A ^ +70°C. 

Features 

■ Input current 10 nA max over temperature 

■ Small signal bandwidth 20 MHz 

■ Slew rate 30 V/jus 

E3 Supply voltage range ±5V to ±18V 



Schematic Diagram 



TL/H/7761 -1 
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LM110/LM210/LM310 




LM1 10/LM21 0/LM310 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature Range -65°Cto +150°C 

please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) 260°C 

Offico/Distributors for svailsbility snd spccificstions. So|dering |nformation 

(NO,e 6) Dual-In-Line Package 

Supply Voltage +18V Soldering (10 sec.) 260"C 

Power Dissipation (Note 1) 500 mW Small Outline Package 

Input Voltage (Note 2) ±15V Vapor Phase (60 sec.) 215°C 

Output Short Circuit Duration (Note 3) Indefinite Infrared (15 sec.) 220 C 

^ -r * n See AN-450 “Surface Mounting Methods and Their Effect 

*UVM10 9 empera UrG ange 55°C to + 1 25°C on Product Reliability” f° r other methods of soldering sur- 

LM210 — 25°C to + 85°C face m0Unt deviceS ' 

LM31 0 o°C to + 70° C ESD rating to be determined. 

Electrical Characteristics (Note 4) 

Parameter 

Conditions 

LM110 

LM210 

LM310 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 


1.5 

4.0 


1.5 

4.0 


2.5 

7.5 

mV 

Input Bias Current 

T a = 25°C 


1.0 

3.0 


1.0 

3.0 


2.0 

7.0 

nA 

Input Resistance 

T a = 25°C 

1010 

1012 


1010 

1012 


1010 

1012 


a 

Input Capacitance 



1.5 



1.5 



1.5 


PF 

Large Signal Voltage 
Gain 

T a = 25°C, V s = +15V 
V 0 UT = ±iov, R L = 8ka 

0.999 

0.9999 


0.999 

0.9999 


0.999 

0.9999 


V/V 

Output Resistance 

T a = 25°C 


0.75 

2.5 


0.75 

2.5 


0.75 

2.5 

a 

Supply Current 

T a = 25°C 


3.9 

5.5 


3.9 

5.5 


3.9 

5.5 

mA 

Input Offset Voltage 




6.0 



6.0 



10 

mV 

Offset Voltage 
Temperature Drift 

— 55°C < T A <, + 85°C 
+ 85 < T A < 125°C 

0°C +70°C 


6 

12 



6 



10 


juA//°C 

^V/°C 

juV/°C 

Input Bias Current 




10 



10 



10 

nA 

Large Signal Voltage 
Gain 

V s = +15V, Vqut = ±10V 
r l = io ka 

0.999 



0.999 



0.999 



V/V 

Output Voltage 

Swing (Note 5) 

V s = ±15V, R l = 10 ka 

±10 



±10 



±10 



V 

Supply Current 

T a = 125°C 


2.0 

4.0 


2.0 

4.0 




mA 

Supply Voltage 
Rejection Ratio 

±5V < V s ^ ± 18V 

70 

80 


70 

80 


70 

80 


dB 

Note 1: The maximum junction temperature of the LM110 is 150°C, of the LM210 is 100°C, and of the LM310 is 85°C. For operating at elevated temperatures, 
devices in the H08 package must be derated based on a thermal resistance of 165°C/W, junction to ambient, or 22°C/W, junction to case. The thermal resistance 
of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit for the LM1 10 and LM210 is allowed for case temperatures to 125°C and ambient temperatures to 70°C, and for the LM310, 70°C 
case temperature or 55°C ambient temperature. It is necessary to insert a resistor greater than 2 kft in series with the input when the amplifier is driven from low 
impedance sources to prevent damage when the output is shorted. Rs = 5k min, 10k typical is recommended for dynamic stability in all applications. 

Note 4: These specifications apply for +5V £ Vs £ ± 18V and -55°C ^ Ta 125°C for the LM1 10, -25°C ^ Ta £ 85°C for the LM210, and 0°C ^ Ta ^ 70°C for 
the LM310 unless otherwise specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V~ terminals. See curve. 

Note 6: Refer to RETS1 10X for LM110H, LM110J military specifications. 

Application Hint 

The input must be driven from a source impedance of typically 10 ka (5 ka min.) to maintain stability. The total source 
impedance will be reduced at high frequencies if there is stray capacitance at the input pin. In these cases, a 10 ka resistor 
should be inserted in series with the input, physically close to the input pin to minimize the stray capacitance and prevent 
oscillation. 
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OUTPUT SWING (±V> OUTPUT RESISTANCE (Si) VOLTAGE GAIN (V/V) INPUT CURRENT (nA) 



LM1 10/LM210/LM310 





LM1 10/LM210/LM310 


Typical Performance Characteristics (lm3«» 


Input Current 



0 10 20 30 40 50 60 70 BO 

TEMPERATURE (°C) 


Output Noise Voltage 



FREQUENCY (Hz) 


Large Signal Pulse 
Response 



0 12 3 4 

TIME (ji$) 


Voltage Gain and 
Phase Lag 



Ik 10k 100k 1M 

FREQUENCY (Hz) 


Voltage Gain and 

Phase Lag Voltage Gain 




Ik 10k 100k 1M 

FREQUENCY (Hi) 



0 10 20 30 40 50 60 70 80 

TEMPERATURE (°C> 


Positive Output Swing 



Large Signal 
Frequency Response 


Jg 




III 

IKSSB1 

iinSiTM 


Hill 


J 


1 

III 

B 

i 

I 


ft!! 





III 

■ 

1 






1 


III 

■ 

1 








HI 

■ 

1 








III 

!■ 

1 








III 

IB 






100k 1M 10M 

FREQUENCY (Hz) 



Supply Current 



0 10 20 30 40 50 60 70 80 

TEMPERATURE (*C) 


TL/H/7761 -29 
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Auxiliary Circuits 


Offset Balancing Circuit Increasing Negative Swing Under Load 



Typical Applications 


Differential Input Instrumentation Amplifier 



Fast Integrator with Low Input Current 

Cf 



C2 

150 pF 


TL/H/7761 -5 


LM1 10/LM210/LM310 




LM1 10/LM210/LM310 
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Typical Applications (Continued) 


Driver for A/D Ladder Network 




DIGITAL 

SWITCH 

DRIVE 



Buffer for Analog Switch* 



ANALOG 

OUTPUT 


DIGITAL DRIVE 


J 


*Switch substrates are boot-strapped to reduce output capacitance of switch. 


TL/H/7761 -10 
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LM110/LM210/LM310 


Typical Applications (Continued) 


Comparator for AC Coupled Signals 



TL/H/7761-11 


High Input Impedance AC Amplifier 


INPUT 



TL/H/7761 -12 


Comparator for A/D Converter Using a Binary-Weighted Network 



TL/H/7761 -13 
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LM110/LM210/LM310 
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LM110/LM210/LM310 


Typical Applications (Continued) 


Buffered Reference Source 



Low Drift Sample and Hold* 


Q1“T 2N4067 

H 


tTeflon polyethylene or polycarbonate dielectric capacitor 
♦Worst case drift less than 3 mV/sec 


—I— C1 f 


(■*»)' 


Variable Capacitance Multiplier 

R1 R2 

IK 10K 





Connection Diagrams 


Metal Can Package 

BALANCE 



TL/H/7761-30 

Package is connected to Pin 4 (V - ) 

Top View 

Order Number LM110H, LM210H or LM310H 
See NS Package Number H08C 


Dual-In-Line Package 



TL/H/7761-31 


Order Number LM110J, LM210J or LM310J 
See NS Package Number J14A 


Dual-In-Line Package 



7 V + 


TL/H/7761-32 


Order Number LM310M or LM310N 
See NS Package Number M08A or N08E 
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LM6121/LM6221/LM6321 



National 

Semiconductor 


LM6121/LM6221/LM6321 High Speed Buffer 


General Description 

These high speed unity gain buffers slew at 800 V/ju,s and 
have a small signal bandwidth of 50 MHz while driving a 
50fl load. They can drive ±300 mA peak and do not oscil- 
late while driving large capacitive loads. The LM6121 family 
are monolithic ICs which offer performance similar to the 
LH0002 with the additional features of current limit and ther- 
mal shutdown. 

These buffers are built with National’s VIPtm (Vertically Inte- 
grated PNP) process which provides fast PNP transistors 
that are true complements to the already fast NPN devices. 
This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 800 V/jus 

■ Wide bandwidth 50 MHz 

■ Slew rate and bandwidth 100% tested 

■ Peak output current ±300 mA 

■ High input impedance 5 MH 

■ LH0002H pin compatible 

■ No oscillations with capacitive loads 

■ 5V to ± 1 5V operation guaranteed 
n Current and thermal limiting 

■ Fully specified to drive 50fl lines 


Simplified Schematic Pin Configurations 




TL/H/9223-2 

*Heat-sinking pins. 

Order Number LM6221N or LM6321N 
See NS Package Number N08E 



Note: Pin 6 connected to case. 


Order Number LM6121H or LM6221H 
See NS Package Number H08C 


Numbers in ( ) are for 8-pin N DIP. 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 36V (±18) 

Input to Output Voltage (Note 2) ± 7V 


Input Voltage ±Vsupply 

Output Short-Circuit to GND Continuous 

(Note 3) 


Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 
ESD Tolerance (Note 10) 


— 65°C to + 1 50°C 

260°C 
± 2000V 


0 JA (Note 4) 

Maximum Junction Temp. (Tj) 
Operating Temperature Range 
LM6121 
LM6221 
LM6321 

Operating Supply Range 


Package 
H N 

1 50°C/W 47°C/W 

150°C 150°C 

— 55°C to + 1 25°C 

— 40°C to + 85°C 
0°C to +70°C 
4.75 to ± 16V 


DC Electrical Characteristics (Note 5) 






LM6121 

LM6221 

LM6321 


Symbol 

Parameter 

Conditions 

Typ 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

Units 





(Note 6) 

(Note 7) 

(Note 6) 

(Note 7) 

(Note 6) 

(Note 7) 


Avi 

Voltage Gain 1 

R L = 1k,V iN = ±10V 

0.990 

0.980 

0.970 


0.980 

0.950 

0.970 

0.950 


Av2 

Voltage Gain 2 

R l = 50ft, V| N = ±10V 

0.900 

0.860 


0.860 

0.820 

0.850 

0.820 

V/V 





0.800 






Min 

Av3 

Voltage Gain 3 

R l = 50n V, N = 2 Vpp 

0.840 

0.780 


0.780 

0.700 

0.750 

0.700 



(Note 8) 

V+ = 5V (1.5 Vpp) 

0.750 



Vos 

Offset Voltage 

r l = i ka 

15 

30 


30 

60 

50 

ioo 

mV 




50 


Max 

•b 

Input Bias Current 

R l = 1 kft, R s = 10 kft 

1 

4 


4 

7 

5 

7 

fxA 




7 






Max 

Rin 

Input Resistance 

r l = soa 

5 







Mft 

C|N 

Input Capacitance 


3.5 







pF 

Ro 

Output Resistance 

Iout = ±10 mA 

3 

5 


5 

10 

5 

6 

ft 





10 




Max 

•si 

Supply Current 1 

r l = o° 

15 

18 


18 

20 

20 

22 

mA 




20 


Is2 

Supply Current 2 

> 

in 

II 

+ 

> 

8~ 

II 

_i 

DC 

14 

16 

18 


16 

18 

18 

20 

Max 

Voi 

Output Swing 1 

R l = Ik 

13.5 

13.3 

13 


13.3 

13 

13.2 

13 


V02 

Output Swing 2 

R l = 100ft 

12.7 

11.5 


11.5 

10 

11 

10 

± V 




10 





Min 

V03 

Output Swing 3 

R[_ = 50fl 

12 

11 

9 


11 

9 

10 

9 


V04 

Output Swing 4 

r l = son 

1.8 

1.6 


1.6 

1.4 

1.6 

1.5 

V PP 



V± = 5V (Note 8) 

1.3 


Min 

PSSR 

Power Supply 

V± = ±5V to ± 15V 

70 

60 


60 

50 

60 

50 

dB 


Rejection Ratio 


55 


Min 
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LM6121/LM6221/LM6321 


AC Electrical Characteristics (Note 5) 


Symbol 

Parameter 

Conditions 

Typ 

LM6121 

LM6221 

LM6321 

Units 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

SR 1 

sr 2 

sr 3 

Slew Rate 1 

Slew Rate 2 

Slew Rate 3 

V| N = ±iiv,r l = i kn 
V| N = ±iiv,r l = son 

(Note 9) 

V| N = 2 Vpp, R L = 50n 
V+ = 5V (Note 8) 

1200 

800 

50 

550 


550 


550 


V/jms 

Min 

BW 

-3 dB Bandwidth 

V|n = ±100 mVpp 

r l = son 

Cl ^ 10 pF 

50 

30 


30 


30 


MHz 

Min 


Rise Time 

Fall Time 

R|_ = 50n,C L <; 10 pF 

Vo = 100 mVpp 

7.0 


i 





ns 

tpd 

Propagation 

Delay Time 

Rl = 50(1, C L ^ 10 pF 

Vo = 100 mVpp 

4.0 







ns 


Overshoot 

Rl = 50(1, Cl ^ 10 pF 

V 0 = 100 m Vpp 

10 







% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 


Note 2: During current limit or thermal limit, the input current will increase if the input to output differential voltage exceeds 8V. For input to output differential 
voltages in excess of 8V the input current should be limited to ± 20 mA. 

Note 3: The LM6121 series buffers contain current limit and thermal shutdown to protect against fault conditions. 

Note 4: For operation at elevated temperatures, these devices must be derated based on a thermal resistance of 0ja and Tj max, with Tj = Ta + 0jaPD- 0jc for 
the LM61 21 H and LM6221 H is 17°C/W. The thermal impedance 0 ja of the device in the N package is 47°C/W when soldered directly to a printed circuit board, and 
the heat-sinking pins (pins 1 , 4, 5 and 8) are connected to 2 square inches of 2 oz. copper. When installed in a socket, the thermal impedance 0ja of the N package 
is 84°C/W. 

Note 5: Rg = 50(1, Vg = ± 1 5V, unless otherwise specified. Boldface numbers apply over the operating temperature range. Numbers in standard typeface apply 
at Ta = 25°C. Electrical tests are performed with high-speed automated test equipment, so that Tj = Ta, unless otherwise noted. 

Note 6: Guaranteed and 100% production tested. 

Note 7: Guaranteed over the operating temperature range (but not 100% tested). 

Note 8: The input is biased to 2.5V and V|n swings V pp about this value. The input swing is 2 V pp at all temperatures except for the Ay3 test at -55°C where it is 
reduced to 1 .5 V pp . 

Note 9: Slew rate is measured with a ± 1 1 V input pulse and 5011 source impedance at 25°C. Since voltage gain is typically 0.9 driving a 50(1 load, the output swing 
will be approximately ±10V. Slew rate is calculated for transitions between ±5V levels on both rising and falling edges. A high speed measurement is done to 
minimize device heating. For slew rate versus junction temperature see typical performance curves. The input pulse amplitude should be reduced to ±10V for 
measurements at temperature extremes. For accurate measurements, the input slew rate should be at least 1700 V/jts. 

Note 10: The test circuit consists of the human body model of 120 pF in series with 1500H. 
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Typical Performance Characteristics Tj = 25°C, unless otherwise specified 


Z 

§ 


Frequency Response 



R l =1K 















ZJ 

7 ^ 





___l 






■fj 

m 





mij 

ii 





mi 

■■ 





mm 

■i 




j 

rz 

■i 


. — 

^rrr: 



MM 


1 2 5 10 20 50 100 

FREQUENCY (MHz) 



Overshoot vs Capacitive Load 



10 100 1000 10,000 
LOAD CAPACITANCE (pF) 


Large Signal Response 



TIME (20 ns/dlv) 


Large Signal Response 
R|_ = 50fl 



TIME (20 ns/dlv) 


Supply Current 



0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE (±V) 



0 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 



0 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 



0 4 8 12 16 20 24 

INPUT AMPLITUDE (Vp-p) 



1 2 5 10 20 50 100 

FREQUENCY (MHz) 


TL/H/9223-4 



4-119 


LM61 2 1 /LM622 1 /LM632 1 



LM6121/LM6221/LM6321 


Typical Performance Characteristics Tj = 25°C, unless otherwise specified (Continued) 
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TL/H/9223-5 


Application Hints 

POWER SUPPLY DECOUPLING 

The method of supply bypassing is not critical for stability of 
the LM6121 series buffers. However, their high current out- 
put combined with high slew rate can result in significant 
voltage transients on the power supply lines if much induc- 
tance is present. For example, a slew rate of 900 V/ju,s into 
a 50ft load produces a di/dt of 18 A/ jus. Multiplying this by 
a wiring inductance of 50 nH result in a 0.9V transient. To 
minimize this problem use high quality decoupling very close 
to the device. Suggested values are a 0.1 juF ceramic in 
parallel with one or two 2.2 /xF tantalums. A ground plane is 
recommended. 

LOAD IMPEDANCE 

The LM6121 is stable to any load when driven by a 50ft 
source. As shown in the Overshoot vs Capacitive Load 
graph, worst case is a purely capacitive load of about 
1000 pF. Shunting the load capacitance with a resistor will 
reduce overshoot. 

SOURCE INDUCTANCE 

Like any high frequency buffer, the LM6121 can oscillate at 
high values of source inductance. The worst case condition 
occurs at a purely capacitive load of 50 pF where up to 
100 nH of source inductance can be tolerated. With a 50ft 
load, this goes up to 200 nH. This sensitivity may be re- 
duced at the expense of a slight reduction in bandwidth by 
adding a resistor in series with the buffer input. A 100ft 
resistor will ensure stability with source inductances up to 
400 nH with any load. 

OVERVOLTAGE PROTECTION 

The LM6121 may be severely damaged or destroyed if the 
Absolute Maximum Rating of 7V between input and output 
pins is exceeded. 


If the buffer’s input-to-output differential voltage is allowed 
to exceed 7V, a base-emitter junction will be in reverse- 
breakdown, and will be in series with a forward-biased base- 
emitter junction. Referring to the LM6121 simplified sche- 
matic, the transistors involved are Q1 and Q3 for positive 
inputs, and Q2 and Q4 for negative inputs. If any current is 
allowed to flow through these junctions, localized heating of 
the reverse-biased junction will occur, potentially causing 
damage. The effect of the damage is typically increased 
offset voltage, increased bias current, and/or degraded AC 
performance. The damage is cumulative, and may eventual- 
ly result in complete device failure. 

The device is best protected by the insertion of the parallel 
combination of a 100 kft resistor (R1) and a small capacitor 
(Cl) in series with the buffer input, and a 100 kft resistor 
(R2) from input to output of the buffer (see Figure 1 ). This 
network normally has no effect on the buffer output. Howev- 
er, if the buffer’s current limit or shutdown is activated, and 
the output has a ground-referred load of significantly less 
than 100 kft, a large input-to-output voltage may be pres- 
ent. R1 and R2 then form a voltage divider, keeping the 
input-output differential below the 7V Maximum Rating for 
input voltages up to 14V. This protection network should be 
sufficient to protect the LM6121 from the output of nearly 
any op amp which is operated on supply voltages of ± 1 5V 
or lower. 


100 pF 100 kll 



TL/H/9223-6 

FIGURE 1. LM6121 with Overvoltage Protection 
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National 

Semiconductor 


LM6125/LM6225/LM6325 High Speed Buffer 


General Description 

The LM6125 family of high speed unity gain buffers slew at 
800 V/jus and have a small signal bandwidth of 50 MHz 
while driving a 50fl load. These buffers drive ±300 mA 
peak and do not oscillate while driving large capacitive 
loads. The LM6125 contains unique features not found in 
power buffers; these include current limit, thermal shut- 
down, electronic shutdown, and an error flag that warns of 
fault conditions. 

These buffers are built with National’s VIPtm (Vertically Inte- 
grated PNP) process which provides fast PNP transistors 
that are true complements to the already fast NPN devices. 
This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 800 V/ju, s 

■ Wide bandwidth 50 MHz 

■ Peak output current ±300 mA 

■ High input impedance 5 Ma 

■ No oscillations with capacitive loads 

■ Current and thermal limiting 

■ Electronic shutdown 

■ “Bi-state” output 

■ Error flag warns of faults 

■ Slew rate and bandwidth 100% tested 

■ 5V to ± 15V operation guaranteed 

■ Fully specified to drive 50fi lines 


Simplified Schematic and Block Diagram 


Pin Configurations 



TL/H/9222-1 



TL/H/9222-2 



*Heat sinking pins. 

Internally connected to V-. 

Order Number LM6225N 
or LM6325N 

See NS Package Number N14A 

N/C 



Note: Pin 4 connected to case 


Numbers in ( ) are for 14-pin N DIP. 


Order Number LM6125H 
or LM6225H 

See NS Package Number H08C 
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LM61 25/LM6225/LM6325 



LM61 25/LM6225/LM6325 


Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 36V (± 18V) 

Input to Output Voltage (Note 2) ± 7V 

Input Voltage + Vsupply 


Output Short-Circuit to GND 
(Note 3) 

Flag Output Voltage 
Storage Temperature Range 
Lead Temperature 
(Soldering, 1 0 seconds) 
ESD Tolerance (Note 11) 


Continuous 
GND ^ Vflag ^ -FVsupply 
■ — 65°C to + 150°C 

260°C 
± 1500V 


0JA (Note 4) 

Maximum Junction Temp. (Tj) 
Operating Temperature Range 
LM6125 
LM6225 
LM6325 

Operating Supply Voltage Range 


Package 
H N 

1 50°C/W 40°C/W 

150°C 150°C 

— 55°C to +125°C 
— 40°C to +85°C 
0°C to +70°C 
4.75 V to + 16V 


DC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

Typ 

LM6125 

LM6225 

LM6325 

Units 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

A vi 

Voltage Gain 1 

R|_ = Ikn, V| N = ± 10 V 

0.990 

0.980 


0.980 

0.950 

0.970 

0.950 






0.970 







A V 2 

Voltage Gain 2 

r l = son, V| N = ±iov 

0.900 

0.860 


0.860 

0.820 

0.850 

0.820 

V/V 





0.800 






min 

Av3 

Voltage Gain 3 

R|_ = 500, V| N = 2 V PP 

0.840 

0.780 


0.780 

0.700 

0.750 

0.700 



(Note 8) 

V + = 5V ( 1.5 Vpp ) 


0.750 







Vos 

Offset Voltage 

R L = 1 kO 

15 

30 


30 

60 

50 

100 

mV 





50 






max 

Ib 

Input Bias Current 

R l = 1 kO, R s = 10kO 

1 

4 


4 

7 

5 

7 

fxA 





7 






max 

Rin 

Input Resistance 

R L = 500 

5 







MO 

C|N 

Input Capacitance 


3.5 







pF 

Ro 

Output Resistance 

Iout = i 10 mA 

3 

5 


5 

10 

5 

6 

a 





10 






max 

<S1 

Supply Current 1 

Rl = 00 

15 

18 


18 

20 

20 

22 






20 







■S2 

Supply Current 2 

R l = oo, V + = 5V 

14 

16 


16 

18 

18 

20 

mA 





18 






max 

>S/D 

Supply Current 

R l = oo, v± = ± 15V 

1.1 

1.5 


1.5 

2.0 

1.5 

2.0 



in Shutdown 



2.0 







V 0 1 

Output Swing 1 

R l = 1 kO 

13.5 

13.3 


13.3 

13 

13.2 

13 






13 







V02 

Output Swing 2 

R l = 1000 

12.7 

11.5 


11.5 

10 

11 

10 

± V 





10 






min 

V03 

Output Swing 3 

R l = 500 

12 

11 

9 


11 

9 

10 

9 


V 04 

Output Swing 4 

R l = 500 

1.8 

1.6 


1.6 

1.4 

1.6 

1.5 

Vpp 



V + = 5V (Note 8) 


1.3 






min 

PSRR 

Power Supply 

V± = ±5V to ± 15V 

70 

60 


60 

50 

60 

50 

dB 


Rejection Ratio 



55 






min 

VoL 

Flag Pin Output 

•sink Flag P' n = 500 J^A 


300 


300 

400 

340 

400 

mV 


Low Voltage 

(Note 9) 


400 






max 

•oh 

Flag Pin Output 

Voh Flag Pin = 15V 

0.01 

10 


10 

20 

10 

20 

jaA 


High Current 

V S /d = OV (Note 9) 


20 






max 
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DC Electrical Characteristics (Note 5) (continued) 

Symbol 

Parameter 

Conditions 

Typ 

LM6125 

LM6225 

LM6325 

Units 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

V TH 

Shutdown Threshold 


1.4 







V 

V| H 

Shutdown Pin 

Trip Point High 



2.0 

2.0 


2.0 

2.0 

2.0 

2.0 

V 

min 

V| L 

Shutdown Pin 

Trip Point Low 



0.8 

0.8 


0.8 

0.8 

0.8 

0.8 

V 

max 

l|L 

Shutdown Pin 

Input Low Current 

< 

C/3 

□ 

II 

o 

< 

-0.07 

-10 

-20 


-10 

-20 

-10 

-20 

jaA 

max 

IlH 




-10 

-20 


-10 

-20 

-10 

-20 

1 > 


Bi-State Output 
Current 

Shutdown Pin = OV 
Vqut = +5V or -5V 

1 

50 

2000 


50 

100 

100 

200 

jixA 

AC Electrical Characteristics (Notes) 

Symbol 

Parameter 

Conditions 

Typ 

LM6125 

LM6225 

LM6325 

Units 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

SR-j 

sr 2 

sr 3 

Slew Rate 1 

Slew Rate 2 

Slew Rate 3 

V| N = ±iiv,r l = i kn 
V| N = ±11V,R|_ = son 
(Note 10) 

V| N = 2 Vpp, r l = son 
V + = 5V (Note 8) 

1200 

800 

50 

550 


550 


550 


V/jLLS 

min 

BW 

-3 dB Bandwidth 

Vin = 100 mVpp 

Rj_ = 50fl 

C L <. 10 pF 

50 

30 


30 


30 


MHz 

min 


Rise Time 

Fall Time 

r l = son, C L ^ 10 pF 
Vq =100 mVpp 








ns 


Propagation 

Delay Time 

R[_ = 50H, C|_ ^ 10 pF 
Vq = 100 mVpp 

B 







ns 

^5 

Overshoot 

Rj_ = 50fl, C L ^ 10 pF 
Vo =100 mVpp 

n 







% 

■ 

Vin. Vout 
F eedthrough 
in Shutdown 

Shutdown Pin = 0V 

V|n = 4 Vp.p, 1 MHz 

Rl = 50H 








dB 

Gout 

Output Capacitance 
in Shutdown 

Shutdown Pin = 0V 

30 







PF 

tSD 

Shutdown 

Response Time 


700 







ns 
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LM6 1 25/LM6225/LM6325 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: During current limit, thermal limit, or electronic shutdown the input current will increase if the input to output differential voltage exceeds 8V. For input to 
output differential voltages in excess of 8V the input current should be limited to ±20 mA. 

Note 3: The LM6125 series buffers contain current limit and thermal shutdown to protect against fault conditions. 

Note 4: For operation at elevated temperature, these devices must be derated based on a thermal resistance of 0ja and Tj max, Tj = Ta + 0ja Pd- 0jc for the 
LM61 25H and LM6225H is 1 7°C/W. The thermal impedance 0ja of the device in the N package is 40°C/W when soldered directly to a printed circuit board, and the 
heat-sinking pins (pins 3, 4, 5, 10, 11, and 12) are connected to 2 square inches of 2 oz. copper. When installed in a socket, the thermal impedance 0ja of the N 
package is 60°C/W. 

Note 5: Rs = 50ft, Vs = ± 1 5V S h U tdown = V + , unless otherwise specified. Boldface numbers apply over the operating temperature range. Numbers is standard 
typeface apply at Ta = 25°C. Electrical tests are performed with high-speed automated test equipment, so that Tj = Ta, unless otherwise noted. 

Note 6: Guaranteed and 100% production tested. 

Note 7: Guaranteed over the Operating Temperature Range (but not 100% tested). 

Note 8: The input is biased to + 2.5 V, and V|n swings Vpp about this value. The input swing is 2 Vpp at all temperatures except for the Ay3 test at - 55°C where it is 
reduced to 1 .5 Vpp. 

Note 9: The Error Flag is set (low) during current limit or thermal fault detection in addition to being set by the Shutdown pin. It is an open-collector output which 
requires an external pullup resistor. 

Note 10: Slew rate is measured with a ± 11V input pulse and 50ft source impedance at 25°C. Since voltage gain is typically 0.9 driving a 50ft load, the output 
swing will be approximately ± 10V. Slew rate is calculated for transitions between ±5V levels on both rising and falling edges. A high speed measurement is done 
to minimize device heating. For slew rate versus junction temperature see typical performance curves. The input pulse amplitude should be reduced to ± 10V for 
measurements at temperature extremes. For accurate measurements, the input slew rate should be at least 1700 V/ju,s. 

Note 11: The test circuit consists of the human body model of 120 pF in series with 1500ft. 

Typical Performance Characteristics Ta = 25°C, Vg = ± 15V, unless otherwise specified 



Overshoot vs Capacitive Load 



10 100 1000 10,000 
LOAD CAPACITANCE (pF) 


Large Signal Response 
(R l = 1 ktt) 



TIME (20ns/div) 


Large Signal Response 
(R l = 50H) 



TIME (20ns/dfv) 


TL/H/9222-5 
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SLEW RATE (V/m s) SUPPLY CURRENT (mA) 


Typical Performance Characteristics Ta = 25°C, Vs = ± 15V, unless otherwise specified (Continued) 


Supply Current -3 dB Bandwidth Slew Rate 



0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 


SUPPLY VOLTAGE (±V) SUPPLY VOLTAGE (±V) SUPPLY VOLTAGE (±V) 

Input Return Gain 


Slew Rate Power Bandwidth (S1 1) 



0 4 8 12 16 20 24 1 2 5 10 20 50 100 1 2 5 10 20 50 100 

INPUT AMPLITUDE (Vp-p) FREQUENCY (MHz) FREQUENCY (MHz) 


Forward Transmission 



1 2 5 10 20 50 100 -75-50 -25 0 25 50 75 100 125 150 


FREQUENCY (MHz) JUNCTION TEMPERATURE (°C) 
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LM6125/LM6225/LM6325 



LM6 1 25/LM6225/LM6325 


Typical Connection Diagram 


(+5 to +15V) 
V+ 



Application Hints 

POWER SUPPLY DECOUPLING 

The method of supply bypassing is not critical for stability of 
the LM6125 series buffers. However, their high current out- 
put combined with high slew rate can result in significant 
voltage transients on the power supply lines if much induc- 
tance is present. For example, a slew rate of 900 V/jtxs into 
a 50ft load produces a di/dt of 18 A/jus. Multiplying this by 
a wiring inductance of 50 nH results in a 0.9V transient. To 
minimize this problem use high quality decoupling very close 
to the device. Suggested values are a 0.1 juF ceramic in 
parallel with one or two 2.2 juF tantalums. A ground plane is 
recommended. 

LOAD IMPEDANCE 

The LM6125 is stable into any load when driven by a 50ft 
source. As shown in the Overshoot vs Capacitive Load 
graph, worst case is a purely capacitive load of about 
1000 pF. Shunting the load capacitance with a resistor will 
reduce overshoot. 

SOURCE INDUCTANCE 

Like any high-frequency buffer, the LM6125 can oscillate at 
high values of source inductance. The worst case condition 
occurs at a purely capacitive load of 50 pF where up to 
100 nH of source inductance can be tolerated. With a 50ft 
load, this goes up to 200 nH. This sensitivity may be re- 
duced at the expense of a slight reduction in bandwidth by 
adding a resistor in series with the buffer input. A 100ft 
resistor will ensure stability with source inductances up to 
400 nH with any load. 

ERROR FLAG LOGIC 

The Error Flag pin is an open-collector output which re- 
quires an external pull-up resistor. Flag voltage is HIGH dur- 
ing operation, and is LOW during a fault condition. A fault 
condition occurs if either the internal current limit or the 
thermal shutdown is activated, or the shutdown (S/D) pin is 
driven low by external logic. Flag voltage returns to its HIGH 
state when normal operation resumes. 

If the S/D pin is not to be used, it should be connected to 
V+. 


OVERVOLTAGE PROTECTION 

The LM6125 may be severely damaged or destroyed if the 
Absolute Maximum Rating of 7V between input and output 
pins is exceeded. 

If the buffer’s input-to-output differential voltage is allowed 
to exceed 7V, a base-emitter junction will be in reverse- 
breakdown, and will be in series with a forward-biased base- 
emitter junction. Referring to the LM6125 simplified sche- 
matic, the transistors involved are Q1 and Q3 for positive 
inputs, and Q2 and Q4 for negative inputs. If any current is 
allowed to flow through these junctions, localized heating of 
the reverse-biased junction will occur, potentially causing 
damage. The effect of the damage is typically increased 
offset voltage, increased bias current, and/or degraded AC 
performance. The damage is cumulative, and may eventual- 
ly result in complete device failure. 

The device is best protected by the insertion of the parallel 
combination of a 100 kft resistor (R1) and a small capacitor 
(Cl) in series with the buffer input, and a 100 kft resistor 
(R2) from input to output of the buffer (see Figure 1). This 
network normally has no effect on the buffer output. Howev- 
er, if the buffer’s current limit or shutdown is activated, and 
the output has a ground-referred load of significantly less 
than 100 kft, a large input-to-output voltage may be pres- 
ent. R1 and R2 then form a voltage divider, keeping the 
input-output differential below the 7V Maximum Rating for 
input voltages up to 14V. This protection network should be 
sufficient to protect the LM6125 from the output of nearly 
any op amp which is operated on supply voltages of ± 1 5V 
or lower. 


100 pF 100 kft. 

— II— T Wv 
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FIGURE 1. LM6125 with Overvoltage Protection 
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National 

Semiconductor 

Voltage Comparators 
Definition of Terms 


Input Bias Current: The average of the two input currents. 
Input Offset Current: The absolute value of the difference 
between the two input currents for which the output will be 
driven higher than or lower than specified voltages. 

Input Offset Voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified voltages. 

Input Voltage Range: The range of voltage on the input 
terminals (common-mode) over which the offset specifica- 
tions apply. 

Logic Threshold Voltage: The voltage at the output of the 
comparator at which the loading logic circuitry changes its 
digital state. 

Negative Output Level: The negative DC output voltage 
with the comparator saturated by a differential input equal to 
or greater than a specified voltage. 

Output Leakage Current: The current into the output termi- 
nal with the output voltage within a given range and the 
input drive equal to or greater than a given value. 

Output Resistance: The resistance seen looking into the 
output terminal with the DC output level at the logic thresh- 
old voltage. 

Output Sink Current: The maximum negative current that 
can be delivered by the comparator. 

Positive Output Level: The high output voltage level with a 
given load and the input drive equal to or greater than a 
specified value. 

Power Consumption: The power required to operate the 
comparator with no output load. The power will vary with 
signal level, but is specified as a maximum for the entire 
range of input signal conditions. 


Response Time: The interval between the application of an 
input step function and the time when the output crosses 
the logic threshold voltage. The input step drives the com- 
parator from some initial, saturated input voltage to an input 
level just barely in excess of that required to bring the output 
from saturation to the logic threshold voltage. This excess is 
referred to as the voltage overdrive. 

Saturation Voltage: The low-output voltage level with the 
input drive equal to or greater than a specified value. 
Strobe Current: The current out of the strobe terminal 
when it is at the zero logic level. 

Strobe Output Level: The DC output voltage, independent 
of input conditions, with the voltage on the strobe terminal 
equal to or less than the specified low state. 

Strobe “ON” Voltage: The maximum voltage on either 
strobe terminal required to force the output to the specified 
high state independent of the input voltage. 

Strobe “OFF” Voltage: The minimum voltage on the strobe 
terminal that will guarantee that it does not interfere with the 
operation of the comparator. 

Strobe Release Time: The time required for the output to 
rise to the logic threshold voltage after the strobe terminal 
has been driven from zero to the one logic level. 

Supply Current: The current required from the positive or 
negative supply to operate the comparator with no output 
load. The power will vary with input voltage, but is specified 
as a maximum for the entire range of input voltage condi- 
tions. 

Voltage Gain: The ratio of the change in output voltage to 
the change in voltage between the input terminals produc- 
ing it. 
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Voltage Comparators Selection Guide 
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Jlm Semiconductor 




Voltage Comparators Selection Guide 


Response 
Time (Typ) 

V OS 

•s 

Ib 

Comments 


ns 

mV(Max) 

mA(Max) 

nA(Max) 


T a = 25°C (Notes 1 and 2) 

LM361 

12 

5 

25 

30,000 

High Speed w/Strobes 

LM360 

16 

5 

32 

20,000 

High Speed, Complementary Outputs 

LM306 

40 

5 

10 

25,000 

High Speed, High Drive 

LM319 

80 

8 

12.5 

1000 

High Speed Dual 

LF311 

200 

10 

7.5 

0.15 

FET Input 

LM311 

200 

10 

7.5 

300 

General Purpose Single 

LH2311 

200 

7.5 

7.5 

250 

Dual LM311 

LM339 

1300 

5 

2 

400 

General Purpose Quad 

LM392 

1300 

10 

1 

400 

One Comparator Plus One Op Amp (Note 3) 

LM393 

1300 

5 

2.5 

250 

General Purpose Dual 

LM2903 

1300 

5 

2.5 

250 

Automotive Dual 

LM2901 

1300 

7 

2 

400 

Automotive Quad 

LM613 

1500 

5 

1 

35 

Dual Comparator, Dual Op Amp and 






Adjustable Reference (Note 3) 

LP365 

4000 

9 

0.30 

mm 

Programmable Quad 

LP311 

4000 

10 

0.3 


Low Power Single 

LP339 

5000 

9 

0.1 

40 

Low Power Quad 

*Not Specified 






Note 1: Datasheet should be referred to for test conditions and more detailed information. 


Note 2: This selection guide should be used to select for Response Time required. Industrial and Military Temperature Range types are available. The DC specs 

are for the lowest Commercial Grade available. 




Note 3: Refer to data sheet in Op Amp chapter of this databook. 
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53 National 


Semiconductor 
LF1 1 1/LF21 1/LF31 1 Voltage Comparators 


General Description 

The LF111, LF211 and LF311 are FET input voltage com- 
parators that virtually eliminate input current errors. De- 
signed to operate over a 5.0V to ± 1 5V range the LF1 1 1 
can be used in the most critical applications. 

The extremely low input currents of the LF111 allows the 
use of a simple comparator in applications usually requiring 
input current buffering. Leakage testing, long time delay cir- 
cuits, charge measurements, and high source impedance 
voltage comparisons are easily done. 


Further, the LF1 1 1 can be used in place of the LM1 1 1 elimi- 
nating errors due to input currents. See the “application 
hints’’ of the LM311 for application help. 

Features 

■ Eliminates input current errors 

■ Interchangeable with LM111 

■ No need for input current buffering 


Schematic Diagram 



Metal Can Package 



Top View 

Order Number LF111H, LF211H or LF311H 
See NS Package Number H08C 


5-5 


LF1 1 1/LF21 1/LF31 1 






LF1 1 1/LF21 1/LF31 1 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 8) 

Total Supply Voltage (Ve 4 ) 
Output to Negative Supply 
Voltage (V 74 ) 

Ground to Negative Supply 
Voltage (V 14 ) 

Differential Input Voltage 
Input Voltage (Note 1) 

Power Dissipation (Note 2) 
Output Short Circuit Duration 


LF111/LF211 

36V 

LF311 

36V 

50V 

40V 

30V 

30V 

±30V 

+ 30V 

+ 15V 

+ 15V 

500 mW 

500 mW 

1 0 seconds 

10 seconds 


LF111/LF211 LF311 

Operating Temp. 

Range 

LF111 — 55°C to + 125°C 

LF211 — 25°C to +85°C 

LF311 0°C to + 70°C 


Storage Temp. 

Range - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temp. 

(Soldering, 

1 0 seconds) 260°C 260°C 

ESD rating to be determined. 


Electrical Characteristics (LFin/LF2ii)(Note3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a =25°C, R s < 50k 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a =25°C, Vcm~ 0 (Note 6) 


5.0 

25 

pA 

Input Bias Current 

T a = 25°C, V C m = 0 (Note 6) 


20 

50 

pA 

Voltage Gain 

T a =25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V|n^ — 5.0 mV, Iout = 50 mA, T A = 25°C 


0.75 

1.5 

V 

Strobe On Current 

T a =25°C 


3.0 


mA 

Output Leakage Current 

V| N <5.0 mV, V 0 ut = 35V, T a = 25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s < 50k 



6.0 

mV 

Input Offset Current (Note 4) 

V S =±15V, V C m = 0 (Note 6) 


2.0 

3.0 

nA 

Input Bias Current 

V s = ±1 5V, V C m = 0 (Note 6) 


5.0 

7.0 

nA 

Input Voltage Range 


-13.5 

±14 

13.0 

V 

Saturation Voltage 

V+^4.5V, V- = 0 

V|[\|^ —6.0 mV, Iout^- 8-0 m A 


0.23 

0.4 

V 

Output Leakage Current 

V| N >5.0 mV, V OU t=35V 


0.1 

0.5 

juA 

Positive Supply Current 

T a = 25°C 


5.1 

6.0 

mA 

Negative Supply Current 

T a = 25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150°C, the LF211 is +110°C and the LF311 is +85°C. For operating at elevated temperatures, 
devices in the H08 package must be derated based on a thermal resistance of +65°C/W junction to ambient (in 400 linear feet/min air flow), + 165°C/W junction 
to ambient (in static air), or + 20°C/W junction to case. 

Note 3: These specifications apply for V§= ±15V, and the Ground pin at ground, and-55°C^TA^ + 125°C for the LF111, unless otherwise stated. With the 
LF211, however, all temperature specifications are limited to -25 °C^Ta^ ±85°C and for the LF311 0 °C^Ta^ +70°C. The offset voltage, offset current and bias 
current specifications apply for any supply voltage from a single 5.0V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1.0 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase — see typical performance curves. 

Note 7: This specification gives the current that must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin to ground; 
it should be current driven at 3 to 5 mA. 

Note 8: Refer to RETSF1 1 1X for LF1 1 1 H military specifications. 
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Electrical Characteristics (LF3ii) (Note 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^50k 


2.0 

10 

mV 

Input Offset Current (Note 4) 

T a = 25 0 C, V CM = 0 (Note 6) 


5.0 

75 

pA 

Input Bias Current 

T a = 25°C ) V CM = 0 (Note 6) 


25 

150 

pA 

Voltage Gain 

T a = 25°C 


200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V|n^ ~10 mV, loilT^SO mA, T A = 25°C 


0.75 

1.5 

V 

Strobe On Current 

T a = 25°C 


3.0 


mA 

Output Leakage Current 

V| N ^10mV, V 0 ut=35V, T a = 25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s ^50k 



15 

mV 

Input Offset Current (Note 4) 

V S =±15V, V C M = 0(Note 6) 


1.0 


nA 

Input Bias Current 

V S = 15V, V CM = 0 (Note 6) 


3.0 


nA 

Input Voltage Range 



+ 14 

-13.5 


V 

V 

Saturation Voltage 

V+;>4.5V,V"=0 

V|n < — 10 mV, Iqut— 3-0 mA 


0.23 

0.4 

V 

Positive Supply Current 

T a =25°C 


5.1 

7.5 

mA 

Negative Supply Current 

T a = 25°C 


4- 1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is + 150°C, the LF211 is +110°C and the LF311 is +85°C. For operating at elevated temperatures, 
devices in the H08 package must be derated based on a thermal resistance of +165°C/W, junction to ambient, or +20°C/W, junction to case. 

Note 3: These specifications apply for Vs= +15V and -55°C^Ta^ + 125°C for the LF111, unless otherwise stated. With the LF211, however, all temperature 
specifications are limited to -25 °C^Ta^ +85°C and for the LF311 0 °C^Ta^ +70°C. The offset voltage, offset current and bias current specifications apply for 
any supply voltage from a single 5.0 mV supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1.0 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 1 00 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 1 5V above the negative supply the bias and offset currents will increase — see typical performance curves. 

Note 7: This specification gives the current that must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin to ground; 
it should be current driven at 3 to 5 mA. 


Auxiliary Circuits 

Offset Balancing 


Strobing 


Increasing Input 
Stage Current* 



3 Ok 




‘Increases typical common 
mode slew from 7.0V//xs to 
18V//J.S 
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LF1 1 1/LF21 1/LF31 1 



u. 


Typical Performance Characteristics 


Input Bias Current 



V" 4.0 8.0 12 16 20 24 28 


Input Bias Current 
vs Temperature 



-55 -35 -15 5.0 25 45 65 85 105 125 


INPUT COMMON MODE VOLTAGE (V) 


TEMPERATURE (°C) 


Transfer Function 



-1.0 -0.5 0 0.5 1.0 


DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 



TIME (*is) 


Response Time for Various 



Output Saturation Voltage 



0 10 20 30 40 50 

OUTPUT CURRENT (mA) 


Response Time for Various 



Response Time for Various 




TEMPERATURE (°C> 


Output Limiting Characteristics 



I 



0 5.0 10 15 20 25 30 

SUPPLY VOLTAGE (V) 



TL/H/5703-4 








Typical Applications 


100 kHz Free Running Multivibrator 


Crystal Oscillator 



TL/H/5703-3 


10 Hz to 10 kHz Voltage Controlled Oscillator 



SQUARE 

WAVE 

OUTPUT 


TL/H/5703-5 
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LF1 1 1/LF21 1/LF31 1 









Typical Applications (Continued) 


TTL Interface with High Level Logic 



"Values shown are for a 0 to 30V logic swing and a 15V threshold. *ST TL/H/5703-21 

tMay be added to control speed and reduce susceptibility to noise spikes 


Using Clamp Diodes to Improve Response 
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LH21 1 1/LH221 1/LH231 1 


National 
Semiconductor 

LH21 1 1/LH221 1/LH231 1 
Dual Voltage Comparators 

General Description 

The LH2111 series of dual voltage comparators are two 
LM1 1 1 type comparators in a single hermetic package. Fea- 
turing all the same performance characteristics of the sin- 
gle, these duals offer in addition closer thermal tracking, 
lower weight, reduced insertion cost and smaller size than 
two singles. For additional information see the LM111 data 
sheet and National’s Linear Application Handbook. 

The LH2111 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LH2211 is speci- 
fied for operation over the -25°C to +85°C temperature 
range. The LH231 1 is specified for operation over the 0°C to 
70°C temperature range. 


Features 

■ Wide operating supply range ± 1 5V to a 

single +5V 

■ Low input currents 6 nA 

■ High sensitivity 10 jaV 

■ Wide differential input range ±30V 

■ High output drive 50 mA, 50V 



Connection Diagram 


v + 



OUTPUT 

GND (EMITTER) 


OUTPUT 

10 GND (EMITTER) 


Order Number LH2111D, LH2211Dor LH2311D 
See NS Package Number D16C 

Order Number LH21 1 1 J, LH221 1 J or LH231 1 J 
See NS Package Number J16A 


TL/K/101 16-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Total Supply Voltage (V+ - V") 36V 

Output to Negative Supply Voltage (Vqut “ v_ ) 50V 

Ground to Negative Supply Voltage (GND - V~) 30V 

Differential Input Voltage ± 30V 


I nput Voltage (Note 1 ) ± 1 5V 

Power Dissipation (Note 2) 500 mW 


Output Short Circuit Duration 
Operating Temperature Range 

Storage Temperature Range 
Lead Temperature (Soldering, ■ 


10 sec 

LH2111 — 55°C to + 1 25°C 

LH2211 — 25° C to +85°C 

LH2311 0°C to +70°C 

— 65°C to + 150°C 
10 sec) 300°C 


Electrical Characteristics Each side (Note 3) 


Parameter 

Conditions 

Limits 

Units 

LH2111 

LH2211 

LH2311 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^ 50k 

3.0 

3.0 

7.5 

mV Max 

Input Offset Current (Note 4) 

T a = 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T a = 25°C 

100 

100 

250 

nA Max 

Voltage Gain 

T a = 25°C 

200 

200 

200 

V/mV Typ 

Response Time (Note 5) 

T a = 25°C 

200 

200 

200 

nsTyp 

Saturation Voltage 

V|n ^ — 5 mV, Iout ~ 50 mA 

T a = 25°C 

1.5 

1.5 

1.5 

V Max 

Strobe On Current 

T a = 25°C 

3.0 

3.0 

3.0 

mATyp 

Output Leakage Current 

V| N > 5 mV, Vqut = 35V 

T a = 25°C 

10 

10 

50 

nA Max 

Input Offset Voltage (Note 4) 

R s < 50k 

4.0 

4.0 

10 

mV Max 

Input Offset Current (Note 4) 


20 

20 

70 

nA Max 

Input Bias Current 


150 

150 

300 

nA Max 

Input Voltage Range 


±14 

±14 

±14 

V Typ 

Saturation Voltage 

V + > 4.5V, V- = 0 

V|[\j < — 5 mV, IsiNK — 3 mA 

0.4 

0.4 

0.4 

V Max 

Positive Supply Current 

T a = 25°C 

6.0 

6.0 

7.5 

mA Max 

Negative Supply Current 

Ta = 25°C 

5.0 

5.0 

5.0 

mA Max 


Note 1: This rating applies for ± 15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 


Note 2: The maximum junction temperature is 1 50°C. For operating at elevated temperatures, devices in the flat package, the derating is based on a thermal 
resistance of 185°C/W when mounted on a y 16 -inch-thick epoxy glass board with 0.03-inch-wide, 2 ounce copper conductor. The thermal resistance of the dual-in- 
line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vs = ±15Vand -55°C <S T A £ 1 25°C for the LH21 1 1 , -25°C ^ Ta ^ 85°C forthe LH2211, and 0°C ^ T A ^ 70°Cforthe 
LH231 1 , unless otherwise stated. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply up to ±1 5V 
supplies. For the LH2311, V tN = ±10 mV. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified is for a 1 00 mV input step with 5 mV overdrive. 
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LH2111/LH2211/LH2311 



LH21 1 1/LH221 1/LH231 1 


Auxiliary Circuits 

Offset Balancing 

R2 

3k 



TL/K/10116-2 


Strobing 


Increasing Input Stage Current* 



TL/K/10116-3 


Driving Ground-Referred Load 


INPUTS 



Using Clamp Diodes to Improve Responses 



Comparator and Solenoid Driver 


D1 

1N4001 



Strobing off Both Input* and Output Stages 

FROM D/A NETWORK 


ANALOG 

INPUT 



Typical input current is 50 pA with inputs strobed off 


TTL Interface with High Level Logic 


INPUT 



V + = 5V 


TO TTL LOGIC 

"Values shown are for a 0V to 
30V logic swing and a 15V 
threshold. 

TMay be added to control 
speed and reduce suscepti- 
bility to noise spikes. 

TL/K/10116-9 
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National 

Semiconductor 


LM106/LM206/LM306 Voltage Comparator 


General Description 

The LM106 series are high-speed voltage comparators de- 
signed to accurately detect low-level analog signals and 
drive a digital load. They are equivalent to an LM710, com- 
bined with a two input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated circuits direct- 
ly. Furthermore, their outputs can switch voltages up to 24V 
at currents as high as 1 0 mA. 

The devices have short-circuit protection which limits the 
inrush current when it is used to drive incandescent lamps, 
in addition to preventing damage from accidental shorts to 
the positive supply. The speed is equivalent to that of an 
LM710. However, they are even faster where buffers and 
additional logic circuitry can be eliminated by the increased 
flexibility of the LM106 series. They can also be operated 
from any negative supply voltage between — 3V and -12V 
with little effect on performance. 


The LM106 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LM206 is specified 
for operation over the -25°C to +85°C temperature range. 
The LM306 is specified for operation over 0°C to +70°C 
temperature range. 

Features 

B Improved accuracy 
b Fan-out of 10 with DTL or TTL 
a Added logic or strobe capability 
m Useful as a relay or lamp driver 
ei Plug-in replacement for the LM710 
a 40 ns maximum response time 


Schematic and Connection Diagrams** 


STROBE* 



'Grounding either strobe forces the output to -0.5V (typ.). To disable strobe function, connect strobes 
to V+ or leave open. 

**Pin connections shown are for TO-5 package. 


Metal Can 

v + 



Note: Pin 4 connected to case. 

Order Number LM106H, 
LM206H or LM306H 
See NS Package Number H08A 
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LM 1 06/LM206/LM306 



LM106/LM206/LM306 


Absolute Maximum Ratings 








If Military/ Aerospace specified devices are required, Power Dissipation (Note 1) 



600 mW 

please contact the National 

Semiconductor Sales Output Short Circuit Duration 


1 0 seconds 

Of f ice/D i s ,rib u , ° rs for availability and specifications. operating Temperature Range 

Tmin 

t max 


LM106 




— 55°C to + 125°C 

Positive Supply Voltage 

15V LM206 




— 25°C to +85°C 

Negative Supply Voltage 

-15V LM306 





0°C to + 70°C 

Output Voltage 

24V Storage Temperature Range 

— 65°Cto + 150°C 

Output to Negative Supply Voltage 

30V Lead Temperature (Soldering, 1 0 sec.) 


300°C 

Differential Input Voltage 

±5V ESD rating to be determined. 




Input Voltage 

±7V 








Electrical Characteristics (Note 2) 








Parameter 

Conditions 

LM106/LM206 


LM306 


Units 






Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

(Note 3) 


0.5 

2.0 


1.6 

5.0 

mV 

Input Offset Current 

(Note 3) 


0.7 

3.0 


1.8 

5.0 

juA 

Input Bias Current 



10 

20 


16 

25 

julA 

Response Time 

R l = 390a to 5V 

C L = 15pF, (Note 4) 


28 

40 


28 

40 

ns 

Saturation Voltage 

V|n ^ — 5 mV, Iout = 100 mA 


1.0 

1.5 




V 


V|n <; —7 mV, Iout = 100 mA 





0.8 

2.0 

V 

Output Leakage Current 

V|j\| > 5 mV, 8V < Vqut ^ 24V 


0.02 

1.0 




jllA 


V|n > 7 mV, 8V < Vqut — 24V 





0.02 

2.0 

juA 

THE FOLLOWING SPECIFICATIONS APPLY FOR T MiN < T A < T MA x (Note 5) 

Input Offset Voltage 

(Note 3) 



3.0 



6.5 

mV 

Average Temperature Coefficient of 
Input Offset Voltage 



3.0 

10 


5 

20 

ju,V/°C 

Input Offset Current 

T L < T a <c 25°C, (Note 3) 


1.8 

7.0 


2.4 

7.5 

jllA 


25°C < T A < Th 


0.25 

3.0 



5.0 

juA 

Average Temperature Coefficient of 

25°C < T A < T h 


5.0 

25 


15 

50 

nA/°C 

Input Offset Current 

T l < T a < 25°C 


15 

75 


24 

100 

nA/°C 

Input Bias Current 

T L <; T A <1 25°C 



45 


25 

40 

fiA 


25°C < t a ^ t h 



20 



25 

jaA 

Input Voltage Range 

— 7V > V- ^ -12V 

±5.0 



±5.0 



V 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Saturation Voltage 

V||\j < —5 mV, Iout = 50 mA 

V| N <; —8 mV For LM306 



1.0 



1.0 

V 

Saturation Voltage 

V|n ^ — 5 mV, Iqut “ 16 mA 

V 1N <; —8 mV For LM306 



0.4 



0.4 

V 

Positive Output Level 

V|[\j ^ 5 mV, Iout = — 400jwA 
V| N ^ 8 mV For LM306 

2.5 


5.5 

2.5 


5.5 

V 

Output Leakage Current 

V|n ^ 5 mV, 8V ^ Vqut ^ 24V 
V| N ^ 8 mV For LM306 

T l < T a £ 25°C 



1.0 



2.0 

juA 


25°C < T a ^ Th 



100 



100 

fx A 

Strobe Current 

VsTROBE = 0-4V 


-1.7 

-3.2 


-1.7 

-3.2 

mA 
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Electrical Characteristics (Note 2 ) (Continued) 


Parameter 

Conditions 

LM106/LM206 

LM306 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Strobe “ON” Voltage 


0.9 

1.4 


0.9 

1.4 


V 

Strobe “OFF” Voltage 

•sink ^ 16 mA 


1.4 

2.2 


1.4 

2.2 

V 

Positive Supply Current 

V| N = -5 mV 

Vim = —8 mV for LM306 


5.5 

10 


5.5 

10 

mA 

Negative Supply Current 



-1.5 

-3.6 


-1.5 

-3.6 

mA 


Note 1: The maximum junction temperature of LM106 is 150°C, LM206 is 110°C, LM306 is 85°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 170°C/W, junction to ambient, or 23°C/W, junction to case. 

Note 2: These specifications apply for -3V ^ V~ ^ -12V, V+ = 12V and T/\ = 25°C unless otherwise specified. All currents into device pins are considered 
positive. 

Note 3: The offset voltages and offset currents given are the maximum values required to drive the output down to 0.5V or up to 4.4V (0.5V or up to 4.8V for the 
LM306). Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain, specified supply voltage variations, and 
common mode voltage variations. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 5: All currents into device pins are considered positive. 

Note 6: Refer to RETS106X for LM106 military specifications. 

Typical Applications** 


Level Detector and Lamp Driver 

V + V ++ < 24V 




TL/H/7756-5 


Relay Driver 



**Pin connections shown are for metal can package. 


Adjustable Threshold Line Receiver 
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LM 1 06/LM206/LM306 


Typical Performance Characteristics 


Transfer Function 

Mill' 7ZS 


r v ;*-» v i 



0 e==j — i — i — i — i — i 
43 -U 41 0 +0.1 +0.2 +0.3 +0.4 +0.5 

INPUT VOLTAGE (mV) 



Saturation Voltage 





rr~ 

> 100 mA 














j + =+ 

12V 






-3V > V > 

-12V 





V,N=- 

5 mV 



■l 

= SO mA 














1 


j 




— 


■l 

= 16 mA 






“1 

— 

- 

mmm 





l u * 0 mA 






1 I 

— — 


* a=i 


-75 -50 -25 0 +25 +50 +7S +100 +125 

TEMPERATURE (°C) 


Positive Output Level 



-75 -50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 


Input Current 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Response Time for 
Various Input Overdrives 



0 20 40 60 80 100 120 

TIME (ns) 


Positive Supply Current 


Negative Supply Current 




POSITIVE SUPPLY VOLTAGE (V) 


-3 -6 -9 -12 -15 

NEGATIVE SUPPLY VOLTAGE (V) 


Voltage Gain 



o I 1 I 1 I i I 1 I 

-75 -50 -25 0 +25 +50 +75 +1001+125 

TEMPERATURE (°C) 


Short Circuit Output Current 

"I II II I 



ol I I I I I I 1 I I 

-75 -50 -25 0 +25 +50 +75 +100+125+150 
JUNCTION TEMPERATURE (°C> 


Response Time for 
Various Input Overdrives 



0 20 40 50 B0 too 120 

TIME (ns) 


Power Consumption 



30 


-75 -50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 

TL/H/7756-8 
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National 
Semiconductor 

LM1 1 1/LM21 1/LM31 1 Voltage Comparator 

General Description 


The LM111, LM211 and LM311 are voltage comparators 
that have input currents nearly a thousand times lower than 
devices like the LM106 or LM710. They are also designed 
to operate over a wider range of supply voltages: from stan- 
dard ±15V op amp supplies down to the single 5V supply 
used for 1C logic. Their output is compatible with RTL, DTL 
and TTL as well as MOS circuits. Further, they can drive 
lamps or relays, switching voltages up to 50V at currents as 
high as 50 mA. 

Both the inputs and the outputs of the LM1 1 1 , LM21 1 or the 
LM31 1 can be isolated from system ground, and the output 
can drive loads referred to ground, the positive supply or the 
negative supply. Offset balancing and strobe capability are 
provided and outputs can be wire OR’ed. Although slower 
than the LM106 and LM710 (200 ns response time vs 


40 ns) the devices are also much less prone to spurious 
oscillations. The LM111 has the same pin configuration as 
the LM106 and LM710. 

The LM211 is identical to the LM111, except that its per- 
formance is specified over a — 25°C to +85°C temperature 
range instead of -55°C to + 125°C. The LM31 1 has a tem- 
perature range of 0°C to +70°C. 

Features 

b Operates from single 5V supply 
m Input current: 150 nA max. over temperature 
b Offset current: 20 nA max. over temperature 

□ Differential input voltage range: ±30V 

□ Power consumption: 135 mW at ±15V 


Typical Applications 4 

Offset Balancing 

3.0k 

n 


Strobing 



Detector for Magnetic Transducer 



Relay Driver with Strobe 



*Note: Pin connections shown on schematic 
diagram and typical applications are for 
H08 metal can package. 


Increasing Input Stage Current* 



Note: Do Not 
ink Ground Strobe 
Pin. Output is 
turned off when 
current is pulled 
from Strobe Pin. 



* Increases typical common 
mode slew from 7.0V/ jxs 
to 18V/ jus. 



FROM D/A NETWORK 
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LM1 1 1/LM21 1/LM31 1 


Absolute Maximum Ratings for the lmih/lm 2 h 

If Military/ Aerospace specified devices are required, Operating Temperature Range LM1 11 -55°Cto125°C 

please contact the National Semiconductor Sales LM211 -25°Cto85°C 

Office/Distributors for availability and specifications. Storage Temperature Range - 65°C to 1 50°C 

(Note 7) Lead -p em p erature (Soldering, 10 sec) 260°C 

Total Supply Voltage (V 84 ) 36V voltage at Strobe Pin V+ -5V 

Output to Negative Supply Voltage (V 74 ) 50V So|dering |nformation 

Ground to Negative Supply Voltage (V, 4) 30V Dual-In-Line Package 

Differential Input Voltage + 30V Soldering (1 0 seconds) 260°C 

Input Voltage (Note 1) + 1 5V Small Outline Package 

Power Dissipation (Note 2) 500 mW Vapor Phase (60 seconds) 215”C 

K Infrared (15 seconds) 220°C 

Output Short Circuit Duration 10 sec _ AM (lo , .. .. .. . , _. . . 

See AN-450 Surface Mounting Methods and Their Effect 

on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD Rating (Note 8) 300V 

Electrical Characteristics fortheLMin andLM2ii (Note 3) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^50k 


0.7 

3.0 

mV 

Input Offset Current (Note 4) 

T a =25°C 


4.0 

10 

nA 

Input Bias Current 

T a = 25°C 


60 

100 

nA 

Voltage Gain 

T a = 25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V|n ^ — 5 mV, iouT = 50 mA 

T a = 25°C 


0.75 

1.5 

V 

Strobe ON Current (Note 6) 

T a = 25°C 

2.0 

3.0 

5.0 

mA 

Output Leakage Current 

V|n > 5 mV, Vqut = 35V 

T a = 25°C, IstROBE = 3 mA 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s <50k 



4.0 

mV 

Input Offset Current (Note 4) 




20 

nA 

Input Bias Current 




150 

nA 

Input Voltage Range 

V+ = 15V, V~ = —15V, Pin 7 
Pull-Up May Go To 5V 

-14.5 

13.8,-14.7 

13.0 

V 

Saturation Voltage 

V+>4.5V,V~ = 0 

V|N< —6 mV, I 0 ut ^8 mA 


0.23 

0.4 

V 

Output Leakage Current 

V| N >5 mV, Vqut” 35V 


0.1 

0.5 

ju-A 

Positive Supply Current 

T a =25°C 


5.1 

6.0 

mA 

Negative Supply Current 

T a =25°C 


4.1 

5.0 

mA 

Note 1: This rating applies for ±15 supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM11 1 is 150°C, while that of the LM21 1 is 1 10°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 1 1 0°C/W, junction to ambient. 

Note 3: These specifications apply for Vs= +15V and Ground pin at ground, and -55 °C^Ta^ + 125°C, unless otherwise stated. With the LM211, however, all 
temperature specifications are limited to -25 °C^Ta^ +85°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from a 
single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 6: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground; it should be current driven at 3 to 5 mA. 

Note 7: Refer to RETS1 1 1X for the LM1 1 1 H, LM1 1 1 J and LM1 1 1 J-8 military specifications. 

Note 8: Human body model, 1.5 kft in series with 100 pF. 
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Absolute Maximum Ratings fortheLM3ii 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Total Supply Voltage (Vg 4 ) 36V 

Output to Negative Supply Voltage V 74 ) 40V 

Ground to Negative Supply Voltage Vi 4 ) 30V 

Differential Input Voltage ± 30V 

Input Voltage (Note 1 ) ±15V 

Power Dissipation (Note 2) 500 mW 

ESD Rating (Note 7) 300V 


Electrical Character 

iStiCS fortheLM311 (Note 3) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^50k 


2.0 

7.5 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


6.0 

50 

nA 

Input Bias Current 

T a = 25°C 


100 

250 

nA 

Voltage Gain 

T a = 25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V||\j< —10 mV, Iout = 50 mA 

T a = 25°C 


0.75 

1.5 

V 

Strobe ON Current 

T a = 25°C 

1.5 

3.0 


mA 

Output Leakage Current 

V| N ^10mV, V 0 uT=35V 

T a = 25°C, IsTROBE = 3 m A 

V~ = VqrnD = ~ 5V 


0.2 

50 

nA 

Input Offset Voltage (Note 4) 

R S <50K 



10 

mV 

Input Offset Current (Note 4) 




70 

nA 

Input Bias Current 




300 

nA 

Input Voltage Range 


-14.5 

13.8,-14.7 

13.0 

V 

Saturation Voltage 

V+>4.5V, V“=0 

V||\j<; — 10 mV, Iqut ^ 3 mA 


0.23 

0.4 

V 

Positive Supply Current 

T a =25°C 


5.1 

7.5 

mA 

Negative Supply Current 

T a = 25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for + 15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM31 1 is 1 10°C. For operating at elevated temperature, devices in the H08 package must be derated based on a 
thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to 
ambient. 

Note 3: These specifications apply for Vs= ±15V and the Ground pin at ground, and 0°C < Ta < +70°C, unless otherwise specified. The offset voltage, offset 
current and bias current specifications apply for any supply voltage from a single 5V supply up to ±1 5V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, these 
parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 6: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground; it should be current driven at 3 to 5 mA. 

Note 7: Human body model, 1.5 kfl in series with 100 pF. 


Output Short Circuit Duration 1 0 sec 

Operating T emperature Range 0 ° to 70°C 

Storage Temperature Range - 65°C to 1 50°C 

Lead Temperature (soldering, 10 sec) 260°C 

Voltage at Strobe Pin V + - 5V 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


5-23 


ueiAnmzi/\n/mi/\n 




LM1 1 1/LM21 1/LM31 1 


LM111/LM211 Typical Performance Characteristics 


Input Bias Current Input Offset Current - Offset Error 



TEMPERATURE (°C) TEMPERATURE (°Ci ,NPUT RESISTANCE (12) 


Input Characteristics Common Mode Limits Transfer Function 



-16 -12 -B -4 0 4 8 12 16 -55 -35 -15 5 25 45 65 85 105 125 -1 - 5 0 .5 1 

DIFFERENTIAL INPUT VOLTAGE (V) TEMPERATURE l°C) DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various Response Time for Various 

Input Overdrives ? Input Overdrives Output Saturation Voltage 



TIME M TIME (pi) OUTPUT CURRENT (mA) 


Response Time for Various Response Time for Various 
> Input Overdrives > Input Overdrives Output Limiting Characteristics 



TIME ( K s| TIMERS) OUTPUT VOLTAGE (V) 


TL/H/5704-2 
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POWER DISSIPATION (W) 



LM111/LM211 Typical Performance Characteristics (Continued) 


Supply Current 



Supply Current 


Leakage Currents 
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LM311 Typical Performance Characteristics 


Input Bias Current 



Input Offset Current 


25 45 65 85 105 125 

TEMPERATURE (°C> 

TL/H/5704-3 


Offset Error 
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TL/H/5704-8 
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TL/H/5704-9 


5 

4 

3 

2 

1 

0 

100 

50 

0 



Output Saturation Voltage 



10 20 30 40 

OUTPUT CURRENT (mA) 


TL/H/5704-10 
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Application Hints 

CIRCUIT TECHNIQUES FOR AVOIDING 

4. When comparator circuits use input resistors (eg. sum- 
ming resistors), their value and placement are particularly 
important. In all cases the body of the resistor should be 
close to the device or socket. In other words there should 
be very little lead length or printed-circuit foil run between 
comparator and resistor to radiate or pick up signals. The 
same applies to capacitors, pots, etc. For example, if 
Rs=10 kn, as little as 5 inches of lead between the re- 
sistors and the input pins can result in oscillations that are 
very hard to damp. Twisting these input leads tightly is 
the only (second best) alternative to placing resistors 
close to the comparator. 

5. Since feedback to almost any pin of a comparator can 
result in oscillation, the printed-circuit layout should be 
engineered thoughtfully. Preferably there should be a 
groundplane under the LM1 1 1 circuitry, for example, one 
side of a double-layer circuit card. Ground foil (or, positive 
supply or negative supply foil) should extend between the 
output and the inputs, to act as a guard. The foil connec- 
tions for the inputs should be as small and compact as 
possible, and should be essentially surrounded by ground 
foil on all sides, to guard against capacitive coupling from 
any high-level signals (such as the output). If pins 5 and 6 
are not used, they should be shorted together. If they are 
connected to a trim-pot, the trim-pot should be located, at 
most, a few inches away from the LM111, and the 0.01 
juF capacitor should be installed. If this capacitor cannot 
be used, a shielding printed-circuit foil may be advisable 
between pins 6 and 7. The power supply bypass capaci- 
tors should be located within a couple inches of the 
LM1 1 1 . (Some other comparators require the power-sup- 
ply bypass to be located immediately adjacent to the 
comparator.) 



TL/H/5704-29 

Pin connections shown are for LM1 1 1 H in the H08 hermetic package 

FIGURE 1. Improved Positive Feedback 


OSCILLATIONS IN COMPARATOR APPLICATIONS 

When a high-speed comparator such as the LM1 1 1 is used 
with fast input signals and low source impedances, the out- 
put response will normally be fast and stable, assuming that 
the power supplies have been bypassed (with 0.1 juF disc 
capacitors), and that the output signal is routed well away 
from the inputs (pins 2 and 3) and also away from pins 5 and 
6 . 

However, when the input signal is a voltage ramp or a slow 
sine wave, or if the signal source impedance is high (1 kfl to 
100 kft), the comparator may burst into oscillation near the 
crossing-point. This is due to the high gain and wide band- 
width of comparators like the LM1 1 1 . To avoid oscillation or 
instability in such a usage, several precautions are recom- 
mended, as shown in Figure 1 below. 

1 . The trim pins (pins 5 and 6) act as unwanted auxiliary 
inputs. If these pins are not connected to a trim-pot, they 
should be shorted together. If they are connected to a 
trim-pot, a 0.01 /xA capacitor Cl between pins 5 and 6 
will minimize the susceptibility to AC coupling. A smaller 
capacitor is used if pin 5 is used for positive feedback as 
in Figure 1. 

2. Certain sources will produce a cleaner comparator output 
waveform if a 100 pF to 1000 pF capacitor C2 is connect- 
ed directly across the input pins. 

3. When the signal source is applied through a resistive net- 
work, Rs, it is usually advantageous to choose an Rs' of 
substantially the same value, both for DC and for dynamic 
(AC) considerations. Carbon, tin-oxide, and metal-film re- 
sistors have all been used successfully in comparator in- 
put circuitry. Inductive wirewound resistors are not suit- 
able. 
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Application Hints (Continued) 

6. It is a standard procedure to use hysteresis (positive 
feedback) around a comparator, to prevent oscillation, 
and to avoid excessive noise on the output because the 
comparator is a good amplifier for its own noise. In the 
circuit of Figure 2 , the feedback from the output to the 
positive input will cause about 3 mV of hysteresis. How- 
ever, if Rs is larger than 100ft, such as 50 kft, it would 
not be reasonable to simply increase the value of the 
positive feedback resistor above 510 kft. the circuit of 
Figure 3 could be used, but it is rather awkward. See the 
notes in paragraph 7 below. 

7. When both inputs of the LM1 1 1 are connected to active 
signals, or if a high-impedance signal is driving the posi- 
tive input of the LM111 so that positive feedback would 
be disruptive, the circuit of Figure 1 is ideal. The positive 


feedback is to pin 5 (one of the offset adjustment pins). It 
is sufficient to cause 1 to 2 mV hysteresis and sharp 
transitions with input triangle waves from a few Hz to 
hundreds of kHz. The positive-feedback signal across 
the 82ft resistor swings 240 mV below the positive sup- 
ply. This signal is centered around the nominal voltage at 
pin 5, so this feedback does not add to the Vqs of the 
comparator. As much as 8 mV of Vqs can be trimmed 
out, using the 5 kft pot and 3 kft resistor as shown. 

8. These application notes apply specifically to the LM111, 
LM211, LM311, and LF111 families of comparators, and 
are applicable to all high-speed comparators in general, 
(with the exception that not all comparators have trim 
pins). 



Pin connections shown are for LM1 1 1 H in the H08 hermetic package 

FIGURE 2. Conventional Positive Feedback 


TL/H/5704-30 



TL/H/5704-31 


FIGURE 3. Positive Feedback with High Source Resistance 
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SQUARE 

VAVE 

3UTPUT* 


LM111/LM211/LM311 








LM1 1 1/LM21 1/LM31 1 


Typical Applications (Continued) (Pin numbers refer to H08 package) 

TTL Interface with High Level Logic 


INPUT* 



‘Values shown are for 
a 0 to 30V logic swing 
and a 15V threshold. 
tMay be added to control 
speed and reduce 
susceptibility to noise spikes. 

TL/H/5704-18 


Crystal Oscillator 



TL/H/5704-19 


Comparator and Solenoid Driver 

D1 

1N4001 



TL/H/5704-20 


Precision Squarer 


Low Voltage Adjustable Reference Supply 


Rt V + = 5.0V R1 V + = 5.0V R4 



t Adjust to set clamp level TL/H/5704-21 
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Typical Applications (Continued) (Pin numbers refer to H08 package) 


Switching Power Amplifier 




TL/H/5704-27 


TL/H/5704-28 
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Schematic Diagram* 


BALANCE/STROBE BALANCE 



Connection Diagrams* 

Metal Can Package 



TOP VIEW 

NOTE: Pin 4 connected to case. 


Order Number LM1 1 1H, 
LM211H or LM311H 
See NS Package Number H08C 


Dual-In-Line Package 



- 8 V + 

-7 OUTPUT 


-6 BALANCE/ 
STROBE 


Order Number LM111J-8, LM21 1 J-8, 
LM311J-8, LM311M or LM311N 
See NS Package Number J08A, 
M08A or N08E 


Dual-In-Line Package 



■ 14 NC 

-13 NC 

-12 NC 

- 11 V + 

-10 NC 

- 9 OUTPUT 

BALANCE/ 

STROBE 


TL/H/5704-i 

Order Number LM111J, LM211J, 
LM311J or LM311N-14 
See NS Number Package 
J14A or N14A 


*Pin connections shown on schematic diagram are for H08 package. 
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LM119A/LM119/LM219/LM319A/LM319 



National 

Semiconductor 


LM 1 1 9A/LM 1 1 9/LM2 1 9/LM3 1 9A/LM3 1 9 
High Speed Dual Comparator 


General Description 

The LM119 series are precision high speed dual compara- 
tors fabricated on a single monolithic chip. They are de- 
signed to operate over a wide range of supply voltages 
down to a single 5V logic supply and ground. Further, they 
have higher gain and lower input currents than devices like 
the LM710. The uncommitted collector of the output stage 
makes the LM119 compatible with RTL, DTL and TTL as 
well as capable of driving lamps and relays at currents up to 
25 mA. 

The LM1 19A and LM31 9A offer improved precision over the 
standard LM119 and LM319, with tighter tolerances on off- 
set voltage, offset current, and voltage gain. 

Features 

■ Two independent comparators 

■ Operates from a single 5V supply 


■ Typically 80 ns response time at ±15V 

■ Minimum fan-out of 2 each side 

■ Maximum input current of 1 ju,A over temperature 

■ Inputs and outputs can be isolated from system ground 

■ High common mode slew rate 

Although designed primarily for applications requiring opera- 
tion from digital logic supplies, the LM119 series are fully 
specified for power supplies up to ±1 5V. It features faster 
response than the LM111 at the expense of higher power 
dissipation. However, the high speed, wide operating volt- 
age range and low package count make the LM119 much 
more versatile than older devices like the LM71 1. 

The LM119A and LM119 are specified from -55°C to 
+ 125°C, the LM219 is specified from -25°C to +85°C, 
and the LM319A and LM319 are specified from 0°C to 
+ 70°C. 


Connection Diagrams Typical Applications* 


Dual-ln-Line-Package 



Order Number LM119AJ, LM119J, LM219J, 
LM319AJ, LM319J, LM319AM, LM319M, LM319AN or 
LM319N 

See NS Package Number J14A, M14A or N14A 
Metal Can Package 



Case is connected to pin 5 (V ) 

Top View 

Order Number LM119AH, LM119H, 
LM319AH or LM319H 
See NS Package Number H10C 



Window Detector 



*Pin numbers are for metal can package. 
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Absolute Maximum Ratings lmh9a/i 19/219 

If Military/ Aerospace specified devices are required, Operating Temperature Range 

please contact the National Semiconductor Sales LM119A.LM119 -55°Cto125°C 

Office/Distributors for availability and specifications. LM219 -25°C to 85°C 

(Note 7) Storage T emperature Range - 65°C to 1 50°C 

Total Supply Voltage 36V l_ eac j Temperature (Soldering, 10 sec.) 260°C 

Output to Negative Supply Voltage 36V Soldering Information 

Ground to Negative Supply Voltage 25V Dual-In-Line Package 

Ground to Positive Supply Voltage 1 8V Soldering (1 0 seconds) 260°C 

Differential Input Voltage ±5V Small Outline Package 

a Vapor Phase (60 seconds) 215°C 

Input Voltage (Note 1) ±15V Infrared (15 seconds) 220”C 

ESD rating (1 .5 k!l in series with 1 00 pF) 800V See AN-450 “Surface Mounting Methods and Their Effect 

Power Dissipation (Note 2) 500 mW on Product Reliability” for other methods of soldering sur- 

Output Short Circuit Duration 1 0 sec face mount devices. 

Electrical Characteristics (Note 3) 

Parameter 

Conditions 

LM119A 

LM119/LM219 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^ 5k 


0.5 

1.0 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


20 

40 


30 

75 

nA 

Input Bias Current 

T a = 25°C 


150 

500 


150 

500 

nA 

Voltage Gain 

T a = 25°C (Note 6) 

20 

40 


10 

40 


V/mV 

Response Time (Note 5) 

T a = 25°C, V s = ±15V 


80 



80 


ns 

Saturation Voltage 

V|n ^ —5 mV, Iout = 25 mA 

T a = 25°C 


0.75 

1.5 


0.75 

1.5 

V 

Output Leakage Current 

V| N > 5 mV, V 0 UT = 35V 

T a = 25°C 


0.2 

2 


0.2 

2 

juA 

Input Offset Voltage (Note 4) 

R s < 5k 


1.2 

2.0 



7 

mV 

Input Offset Current (Note 4) 




75 



100 

nA 

Input Bias Current 




1000 



1000 

nA 

Input Voltage Range 

V s = ± 15V 

V+ = 5V, V- = 0 

-12 

1 

±13 

+ 12 

3 

-12 

1 

±13 

+ 12 

3 

V 

V 

Saturation Voltage 

V+ ;> 4.5V, v - = 0 

V|n < —6 mV, Isink ^ 3.2 mA 
T a ^0°C 

t a < o°c 


0.23 

0.4 

0.6 


0.23 

0.4 

0.6 

V 

V 

Output Leakage Current 

V, N ;> 5 mV, Vout = 35V, 

V - = Vqnd = 


1 

10 


1 

10 

juA 

Differential Input Voltage 




±5 



±5 

V 

Positive Supply Current 

T a = 25°C,V+ = 5V, V- = 0 


4.3 



4.3 


mA 

Positive Supply Current 

T a = 25°C, V s = ± 15V 


8 

11.5 


8 

11.5 

mA 

Negative Supply Current 

T a = 25°C,V S = ± 15V 


3 

4.5 


3 

4.5 

mA 

Note 1: For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM1 1 9A and LM1 1 9 is 1 50°C, while that of the LM21 9 is 110*0. For operating at elevated temperatures, devices 
in the H10 package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 19°C/W, junction to case. The thermal resistance of the 

J14 package is 100°C/W, junction to ambient. 

Note 3 : These specifications apply for Vs = ±15V, and the Ground pin at ground, and -55°C ^ T A ^ + 125°C, unless otherwise stated. With the LM219, 
however, all temperature specifications are limited to -25°C ^ T A ^ +85°C. The offset voltage, offset current and bias current specifications apply for any supply 
voltage from a single 5V supply up to ±15V supplies. Do not operate the device with more than 16V from ground to Vs- 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 1 00 mV input step with 5 mV overdrive. 

Note 6: Output is pulled up to 1 5V through a 1.4 kfi resistor. 

Note 7: Refer to RETS119X for LM119H/883 and LM119J/883 specifications, RETS119AX for LM119AH/883 and LM119AJ/883 specifications. 
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LM 1 1 9 A/LM 1 1 9/LM2 1 9/LM3 1 9 A/LM3 1 9 


Absolute Maximum Ratings LM319A/319 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. Operating Temperature Range LM319A, LM319 0"C to 70"C 

Total Supply Voltage 36V Storage Temperature Range -65°Cto 150“C 

Output to Negative Supply Voltage 36V Lead Temperature (Soldering, 10 sec.) 260°C 

Ground to Negative Supply Voltage 25V Soldering Information 

^ n ... - . w (1> Dual-In-Line Package 

Ground to Posrtive Supply Voltage 18V Soldering (10 sec ) 260‘C 

Differential Input Voltage ±5V Small Outline Package 

Input Voltage (Note 1) ±15V Vapor Phase (60 sec.) 215°C 

Power Dissipation (Note 2) 500 mW Infrared (1 5 sec.) 220°C 

Output Short Circuit Duration 1 0 sec See AN-450 “Surface Mounting Methods and Their Effect 

ESD rating (1.5 kit in series with 100 pF) 800V Produc * Peliabilit y” ,or 0,her me,hods of solderin 9 sur - 

face mount devices. 

Electrical Characteristics (Note 3) 

Parameter 

Conditions 

LM319A 

LM319 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^ 5k 


0.5 

1.0 


2.0 

8.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


20 

40 


80 

200 

nA 

Input Bias Current 

T a = 25°C 


150 

500 


250 

1000 

nA 

Voltage Gain 

T a = 25°C (Note 6) 

20 

40 


8 

40 


V/mV 

Response Time (Note 5) 

T a = 25°C, V s = ±15V 


80 



80 


ns 

Saturation Voltage 

V|jsj ^ — 10 mV, Iout = 25 mA 

T a = 25°C 


0.75 

1.5 


0.75 

1.5 

v 

Output Leakage Current 

V| N £ 10 mV, Vout = 35V, 

V- = v GND = 0V, T a = 25°C 


0.2 

10 


0.2 

10 

julA 

Input Offset Voltage (Note 4) 

R s < 5k 



10 



10 

mV 

Input Offset Current (Note 4) 




300 



300 

nA 

Input Bias Current 




1000 



1200 

nA 

Input Voltage Range 

V s = ± 15V 

V+ = 5V, V- = 0 

1 

±13 

3 

1 

±13 

3 

V 

V 

Saturation Voltage 

V+ ;> 4.5V, V- = 0 

V|N < —10 mV, IsiNK ^ 2.2 mA 


0.3 

0.4 


0.3 

0.4 

V 

Differential Input Voltage 




±5 



±5 

V 

Positive Supply Current 

T a = 25°C, V± = 5V, V- = 0 


4.3 



4.3 


mA 

Positive Supply Current 

T a = 25°C, V s = ± 15V 


8 

12.5 


8 

12.5 

mA 

Negative Supply Current 

T a = 25°C, V s = ± 15V 


3 

5 


3 

5 

mA 


Note 1: For supply voltages less than ± 15 the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM319A and LM319 is 85°C. For operating at elevated temperatures, devices in the H10 package must be 
derated based on a thermal resistance of 160°C/W, junction to ambient, or 19°C/W, junction to case. The thermal resistance of the N14 and J14 package is 
1 00°C/W, junction to ambient. The thermal resistance of the Ml 4 package is 115°C/W, junction to ambient. 

Note 3: These specifications apply for Vs = +15V, and 0°C £ T^ ^ 70°C, unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to ±1 5V supplies. Do not operate the device with more than 1 6V from ground to Vs- 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 

these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 

Note 6: Output is pulled up to 1 5V through a 1 .4 kfl resistor. 
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Typical Performance Characteristics lmh9a/lmh9/lm219 


Input Currents 


Common Mode Limits 


Transfer Function 


liiBifiiiSSl 


nmisB 


55-35 -15 5.0 25 45 65 85 105 125 
TEMPERATURE (*C) 


-55 -35 -15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C) 


-1.0 -0.6 -0.2 0.2 0.6 1.0 
DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 
Input Overdrives 


rain 

■ill 




0 50 100 150 200 250 300 350 

TIME (ns) 


Response Time for Various 
Input Overdrives 


■a a— 

E3SEMK9BM 

mwifimm 

mm \ 


mimmm g 

■■■■■! 


0 50 100 150 200 250 300 350 

TIME (ns) 


Input Characteristics 


0 - 6.0 - 2.0 2.0 6.0 1 
DIFFERENTIAL INPUT VOLTAGE (V) 


Response Time for Various 
Input Overdrives 


■mWI 

nnEI 

■IWUIM . 

■BmasHSSii 

■nsa"9l 


Response Time for Various 
Input Overdrives 


mmmm 

■ij/sszms 


Output Saturation Voltage 


0 50 100 150 200 250 300 350 

0 50 100 150 200 250 300 350 

0 0.2 0.4 0.6 0. 

TIME (ns) 

TIME (ns) 

OUTPUT VOLTAGE (V) 



Output Limiting 

Supply Current 

Supply Current 

Characteristics 




POSITIVE SUPPLY, V s = H5V 


B«D 


a.u iu i a 

SUPPLY VOLTAGE (±V> 


-55 -35 -15 5.0 25 45 55 85 105 1Z5 
TEMPERATURE fC) 


5.0 10 

OUTPUT VOLTAGE (V) 


LM119A/LM119/LM219/LM319A/LM319 









LM1 19A/LM1 19/LM219/LM319A/LM319 


Typical Performance Characteristics lm3iqa, LM319 
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LM 1 39/LM239/LM339/LM 1 39A/LM239A/LM339A/LM2901 /LM3302 



National 

Semiconductor 


LM 1 39/LM239/LM339/LM 1 39A/LM239A/LM339A/ 
LM2901/LM3302 Low Power Low Offset Voltage 
Quad Comparators 


General Description 

The LM139 series consists of four independent precision 
voltage comparators with an offset voltage specification as 
low as 2 mV max for all four comparators. These were de- 
signed specifically to operate from a single power supply 
over a wide range of voltages. Operation from split power 
supplies is also possible and the low power supply current 
drain is independent of the magnitude of the power supply 
voltage. These comparators also have a unique characteris- 
tic in that the input common-mode voltage range includes 
ground, even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple analog 
to digital converters; pulse, squarewave and time delay gen- 
erators; wide range VCO; MOS clock timers; multivibrators 
and high voltage digital logic gates. The LM139 series was 
designed to directly interface with TTL and CMOS. When 
operated from both plus and minus power supplies, they will 
directly interface with MOS logic — where the low power 
drain of the LM339 is a distinct advantage over standard 
comparators. 

Advantages 

■ High precision comparators 

■ Reduced Vqs drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near GND 

■ Compatible with all forms of logic 

a Power drain suitable for battery operation 

Features 

a Wide single supply voltage range of dual supplies 
LM 139 series, 2 Vdc to 36 Vdc or 

LM1 39A series, LM2901 ± 1 V DC to ± 1 8 V DC 

LM3302 2 V DC to 28 V DC 

or ±1 V DC to ±14 V DC 
a Very low supply current drain (0.8 mA) — independent 
of supply voltage 

b Low input biasing current 25 nA 

b Low input offset current +5 nA 

and offset voltage ±3 mV 

a Input common-mode voltage range includes GND 
b Differential input voltage range equal to the power 
supply voltage 

a Low output saturation voltage 250 mV at 4 mA 

b Output voltage compatible with TTL, DTL, ECL, MOS 
and CMOS logic systems 


Schematic and Connection Diagrams 
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Order Number LM139J, LM139AJ, LM239J, LM239AJ, 
LM339J, LM339AJ, LM2901 J or LM3302J 
See NS Package Number J14A 
Order Number LM339AM, LM339M or LM2901M 
See NS Package Number M14A 
Order Number LM339N, LM339AN, 

LM2901N or LM3302N 
See NS Package Number N14A 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. (Note 10) 


LM 1 39/LM239/LM339 
LM139A/LM239A/LM339A LM3302 

LM2901 


LM139/LM239/LM339 
LM139A/LM239A/LM339A LM3302 

LM2901 


Supply Voltage, V+ 

Differential Input Voltage (Note 8) 
Input Voltage 

Input Current (Vjn < — 0.3 Vqq), 
(Note 3) 

Power Dissipation (Note 1 ) 
Molded DIP 
Cavity DIP 

Small Outline Package 
Output Short-Circuit to GND, 
(Note 2) 

Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 


36 Vqq or ± 18 Vqc 
36 V DC 

— 0.3 Vqq to +36 Vqq 

50 mA 

1050 mW 
1190 mW 
760 mW 


Continuous 
— 65°C to + 1 50°C 

260°C 


28 Vqq Or +14 Vqq 
28 Vqq 

— 0.3 Vqq to +28 Vqq 
50 mA 
1050 mW 


Continuous 
— 65°C to + 1 50°C 

260°C 


Operating Temperature Range 
LM339/LM339A 
LM239/LM239A 
LM2901 

LM139/LM139A 
Soldering Information 
Dual-ln-Line Package 
Soldering (10 seconds) 
Small Outline Package 
Vapor Phase (60 seconds) 
Infrared (15 seconds) 


0°C to +70°C 

— 25°C to +85°C 

— 40°C to +85°C 

— 55°C to + 125°C 

— 40°C to +85°C 

-260°C 

260°C 

215°C 

215°C 

220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for 
other methods of soldering surface mount devices. 

ESD rating (1 .5 kfl in series with 1 00 pF) 600V 600V 


Electrical Characteristics (V+ = 5 Vqq, Ta = 25”C, unless otherwise stated) 


Parameter 

Conditions 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Input Offset Voltage 

(Note 9) 

+ 1.0 ±2.0 

±1.0 ±2.0 

±2.0 ±5.0 

±2.0 ±5.0 

±2.0 ±7.0 

±3 ±20 

mVQQ 

Input Bias Current 

I|N(+) or Iin(-) with Output in 

Linear Range, (Note 5), Vqm = 0V 

25 100 

25 250 

25 100 

25 250 

25 250 

25 500 

nAQQ 

Input Offset Current 

l|N( + )“l|N(-)> V CM = 0V 

±3.0 ±25 

±5.0 ±50 

±3.0 ±25 

±5.0 ±50 

±5 ±50 

±3 ±100 

nAoc 

Input Common-Mode 
Voltage Range 

V + =30 Vqq (LM3302, V + =28 Vqq) 

(Note 6) 

0 V+-1.5 

0 Vt-1.5 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

Vdc 

Supply Current 

r l = oo on all Comparators, 

R l = oo, V+ = 36V, (LM3302, V+ =28 Vqq) 

0.8 2.0 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

o o 
o Q 
< < 
E E 

Voltage Gain 

R L >15kH, V+ = 15 V dc 

V 0 = 1 Vqq to 11 Vqq 

50 200 

50 200 

50 200 

50 200 

25 100 

2 30 

V/mV 

Large Signal 
Response Time 

V|jsj = TTL Logic Swing, Vrpp = 

1.4 Vqq, Vr L = 5Vqc,Rl= 5.1 kft, 

300 

300 

300 

300 

300 

300 

ns 

Response Time 

Vr L = 5 Vqq, R l =. 5.1 k ft, 

(Note 7) 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

JJL s 

Output Sink Current 

V|N(-) = 1 Vqq, V| N ( + ) = 0, 

Vq<1.5 Vqq 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

itiAqc 
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LM 1 39/LM239/LM339/LM 1 39A/LM239A/LM339A/LM2901 /LM3302 


Electrical Characteristics (V+ =5 V DC , T A = 25°C, unless otherwise stated) (Continued) 

Parameter 

Conditions 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Saturation Voltage 

V|N(-) = 1 V DC. V IN( + )” 

'SINK ^ 4 mA 

250 400 

250 400 

250 400 

250 400 

250 400 

250 500 

mVoc 

Output Leakage 
Current 

V|N( + ) = 1 V D c,V| N (_) = 0, 
Vq = 5Vdc 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

nApc 

Electrical Characteristics <v+ = 5.0 v DC , Note 4> 

Parameter 

Conditions 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Input Offset Voltage 

(Note 9) 

±4.0 

±4.0 

±9.0 

±9.0 

±9 ±15 

±40 

mVoc 

Input Offset Current - 

•lN( + )“ l IN(-)» V CM = 0V 

±100 

±150 

±100 

±150 

±50 ±200 

±300 

nApc 

Input Bias Current 

l|N(+) or l|N(— ) with Output in 

Linear Range, Vcm = 0V (Note 5) 

300 

400 

300 

400 

200 500 

1000 

nApc 

Input Common-Mode 
Voltage Range 

V + = 30 V DC (LM3302, V + = 28 V DC ) 
(Note 6) 

0 V+-2.0 

0 V+-2.0 

0 V+-2.0 

V+-2.0 

0 V+-2.0 

0 V+-2.0 

Vdc 

Saturation Voltage 

V||\|(-) = 1 V DC. V|N(+) = 0, 
l S |NK^4mA 

700 

700 

700 

700 

400 700 

700 

mVoc 

Output Leakage Current 

VlN^^ 1 V DC. V|N(-) = 0, 

V o =30 V DC , (LM3302, V 0 = 28 V DC ) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

^ a dc 

Differential Input Voltage 

Keep all Vin’s^O Vdc (or V~, 
if used), (Note 8) 

36 

36 

36 

36 

36 

28 

Vdc 

Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 95°C/W which applies for the device soldered in a 
printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated based on a 150°C maximum junction temperature. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the chip 
dissipation very small (Pd^IOO mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 20 mA independent of the magnitude of V + . 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large 
overdrive) for the time deration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a valve greater than -0.3 Vqc (at 25°)C. 
Note 4: These specifications are limited to -55 °C^Ta^ + 125°C, for the LM139/LM139A. With the LM239/LM239A, all temperature specifications are limited to -25 °C^Ta^ +85°C, the LM339/LM339A temperature specifications 
are limited to 0 °C^Ta^ +70°C, and the LM2901, LM3302 temperature range is -40 °C^Ta^ +85°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V+ - 1.5V at 25°C, but either or both inputs can go 
to +30 Vqc without damage (25V for LM3302), independent of the magnitude of V+. 

Note 7: The response time specified is a 1 00 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low input voltage state 
must not be less than -0.3 Vpc (or 0.3 Vqc below the magnitude of the negative power supply, if used) (at 25°C). 

Note 9: At output switch point, Vo = 1.4 V DC , Rs = 0fl with V+ from 5 V D c to 30 V D c; and over the full input common-mode range (0 Vdc to V+ -1.5 V DC ), at 25°C. For LM3302, V+ from 5 V DC to 28 V D c- 
Note 10: Refer to RETS139AX for LM139AJ military specifications and to RETS139X for LM139J military specifications. 
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Application Hints 

The LM139 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the out- 
put lead is inadvertently allowed to capacitively couple to 
the inputs via stray capacitance. This shows up only during 
the output voltage transition intervals as the comparator 
changes states. Power supply bypassing is not required to 
solve this problem. Standard PC board layout is helpful as it 
reduces stray input-output coupling. Reducing this input re- 
sistors to < 10 kn reduces the feedback signal levels and 
finally, adding even a small amount (1 to 1 0 mV) of positive 
feedback (hysteresis) causes such a rapid transition that 
oscillations due to stray feedback are not possible. Simply 
socketing the 1C and attaching resistors to the pins will 
cause input-output oscillations during the small transition in- 
tervals unless hysteresis is used. If the input signal is a 
pulse waveform, with relatively fast rise and fall times, hys- 
teresis is not required. 

All pins of any unused comparators should be grounded. 
The bias network of the LM139 series establishes a drain 
current which is independent of the magnitude of the power 
supply voltage over the range of from 2 Vdc to 30 Vdc- 
It is usually unnecessary to use a bypass capacitor across 
the power supply line. 


The differential input voltage may be larger than V+ without 
damaging the device. Protection should be provided to pre- 
vent the input voltages from going negative more than -0.3 
Vdc (at 25°C). An input clamp diode can be used as shown 
in the applications section. 

The output of the LM139 series is the uncommitted collector 
of a grounded-emitter NPN output transistor. Many collec- 
tors can be tied together to provide an output OR’ing func- 
tion. An output pull-up resistor can be connected to any 
available power supply voltage within the permitted supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V+ 
terminal of the LM139A package. The output can also be 
used as a simple SPST switch to ground (when a pull-up 
resistor is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V+) and the ft of this device. When the 
maximum current limit is reached (approximately 16 mA), 
the output transistor will come out of saturation and the out- 
put voltage will rise very rapidly. The output saturation volt- 
age is limited by the approximately 60fl Rsat of the output 
transistor. The low offset voltage of the output transistor (1 
mV) allows the output to clamp essentially to ground level 
for small load currents. 


Typical Applications <v+ = 5.0 v DC ) 


Basic Comparator Driving CMOS 


Driving TTL 





AND Gate 


v* 



OR Gate 


v f 


0 


zr 


„ r 


v + 
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LM 1 39/LM239/LM339/LM 1 39A/LM239A/LM339A/LM2901 /LM3302 






Typical Applications (v+ = i5v DC ) (continued) 

Time Delay Generator 

\r 


Non-Inverting Comparator with Hysteresis 


TL/H/5706-14 

Inverting Comparator with Hysteresis 




TL/H/5706-19 



Typical Applications (v+=i5v DC ) (continued) 


Squarewave Oscillator 


v + 



TL/H/5706-16 

Basic Comparator 
v* 



Limit Comparator 

V 4 (12 V DC ) 


Comparing Input Voltages 
of Opposite Polarity 



TL/H/5706-20 


Output Strobing 


v + 



TL/H/5706-22 

*Or open-collector logic gate without pull-up resistor 

Crystal Controlled Oscillator 
v 4 
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Or 


soeeirtn/i- 06 zmmemi/vttzmms i i/\n/6eem/6esi/\n/6e ^ m 




Typical Applications (v+=5v DC ) (continued) 


Low Frequency Op Amp 

v 



Low Frequency Op Amp 
(V 0 = OV for V|n = OV) 


v* 



MAGNETIC 

PICKUP 


Transducer Amplifier 


vr 



Zero Crossing Detector (Single Power Supply) 


v + 



Low Frequency Op Amp with Offset Adjust 


v 



TL/H/5706-29 





5-51 


LM139/LM239/LM339/LM139A/LM239A/LM339A/LM2901/LM3302 




LM 1 60/LM260/LM360 


National 
Semiconductor 

LM 1 60/LM260/LM360 High Speed Differential 

Comparator 

General Description 

The LM160/LM260/LM360 is a very high speed differential 
input, complementary TTL output voltage comparator with 
improved characteristics over the jnA760/jaA760C, for 
which it is a pin-for-pin replacement. The device has been 
optimized for greater speed, input impedance and fan-out, 
and lower input offset voltage. Typically delay varies only 
3 ns for overdrive variations of 5 mV to 400 mV. 

Complementary outputs having minimum skew are provid- 
ed. Applications involve high speed analog to digital conver- 
tors and zero-crossing detectors in disk file systems. 

Connection Diagrams 


Features 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ High input impedance 

■ Low speed variation with overdrive variation 

■ Fan-out of 4 

■ Low input offset voltage 

■ Series 74 TTL compatible 



Metal Can Package 


v 4 



TOP VIEW 


TL/H/5707-4 

Order Number LM160H, LM260H or LM360H 
See NS Package Number H08C 


Dual-In-Line Package 

V 4 OUT 1 OUT 2 GND 



TL/H/5707-5 

Order Number LM360M or LM360N 
See NS Package Number M08A or N08E 


Dual-In-Package 

NC NC V 4 OUTPUT! OUTPUT 2 GND NC 



Order Number LM160J-14, LM360J-14 or LM360N-14 
See NS Package Number J14A or N14A 
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Absolute Maximum Ratings (Notes) 





If Military/ Aerospace specified devices are required, Operating Temperature Range 



please contact the National Semiconductor Sales LM160 



- 55°C to +125°C 

Office/Distributors for availability and specifications. LM260 



— 25°C to +85°C 

(Note 7) 

LM360 



0°C to +70°C 

Positive Supply Voltage 

-1- Qv Storage Temperature Range 


— 65°C to + 1 50°C 

Negative Supply Voltage 

_ qv Lead T emperature (Soldering, 1 0 sec.) 


260°C 

Peak Output Current 

20 mA Soldering Information 




Differential Input Voltage 

+ 5V Dual-In-Line Package 

Soldering (1 0 seconds) 



260°C 

Input Voltage V + 

^ V|N ^ V Small Outline Package 




ESD rating is to be determined. 

Vapor Phase (60 seconds) 


215°C 


Infrared (15 seconds) 



220°C 


See AN-450 “Surface Mounting Methods and Their Effect 


on Product Reliability” for other methods of soldering sur- 


face mount devices. 




Electrical Characteristics (Tmin st a s t max ) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Operating Conditions 






Supply Voltage Vqc + 


4.5 

5 

6.5 

V 

Supply Voltage Vqc~ 


-4.5 

-5 

-6.5 

V 

Input Offset Voltage 

R s ^ 200fl 


2 

5 

mV 

Input Offset Current 



0.5 

3 

jaA 

Input Bias Current 



5 

20 

jllA 

Output Resistance (Either Output) 

v OUT = Voh 


100 


n 

Response Time 

T a = 25°C, V s = ±5V (Notes 1,6) 


13 

25 

ns 


T a = 25°C, V s = ±5V (Notes 2, 6) 


12 

20 

ns 


T a = 25°C, V s = ±5V (Notes 3, 6) 


14 


ns 

Response Time Difference between Outputs 






(tpd of + v INi) ~ (tpd of -V|n 2 ) 

T a = 25°C (Notes 1 , 6) 


2 


ns 

(tpd of + V IN2) “ (tpd of -V|N l) 

T a = 25°C (Notes 1,6) 


2 


ns 

(t pd of +V| N1 ) - (t pd of +V| N2 ) 

T a = 25°C (Notes 1 , 6) 


2 


ns 

(tpd of -V| N1 ) - (tpd of -V| N2 ) 

T a = 25°C (Notes 1,6) 


2 


ns 

Input Resistance 

f = 1 MHz 


17 


k n 

Input Capacitance 

f = 1 MHz 


3 


PF 

Average Temperature Coefficient of 

Rg — 50fl 


g 



Input Offset Voltage 





JLtV/°C 

Average Temperature Coefficient of 



7 


n A/°C 

Input Offset Current 






Common Mode Input Voltage Range 

V s = ±6.5V 

±4 

±4.5 


V 

Differential Input Voltage Range 


±5 



V 

Output High Voltage (Either Output) 

Iout = -320 julA, V s = + 4.5V 

2.4 

3 


V 

Output Low Voltage (Either Output) 

■SINK = 6.4 mA 


0.25 

0.4 

V 

Positive Supply Current 

V s = ±6.5V 


18 

32 

mA 

Negative Supply Current 

V s = +6.5V 


-9 

-16 

mA 

| Note 1: Response time measured from the 50% point of a 30 mVp-p 10 MHz sinusoidal input to the 50% point of the output. 



Note 2: Response time measured from the 50% point of a 2 Vp-p 10 MHz sinusoidal input to the 50% point of the output. 




Note 3: Response time measured from the start of a 100 mV input step with 5 mV overdrive to the time when the output crosses the logic threshold. 

Note 4: Typical thermal impedances are as follows: 






Cavity DIP (J): 0 jA 135°C/W 

Header (H) 0j A 

165°C/W 

(Still Air) 


Molded DIP (N): 0 jA 130°C/W 


67°C/W 

(400 LF/min Air Flow) 


0jC 

25°C/W 



Note 5: The device may be damaged if used beyond the maximum ratings. 





Note 6: Measurements are made in AC Test Circuit, Fanout = 1 





Note 7: Refer to RETS 160X for LM160H, LM160J-14 and LM160J military specifications. 
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LM160/LM260/LM360 




LM 1 60/LM260/LM360 


Typical Performance Characteristics 


Offset Voltage 



-55-35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (' C) 


Input Currents vs Ambient 
Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Input Characteristics 


V + = +5V 
8 rv - = — 5Vi 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

DIFFERENTIAL INPUT VOLTAGE (V) 


Supply Current vs Ambient 
Temperature 



-55-35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE ( J C) 


Propagation Delay vs 
Ambient Temperature 

re rrr n rr i i 

_ 60- -SEE AC TEST CIRCUIT- 



-55-35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Delay of Output 1 With 
Respect to Output 2 vs 
Ambient Temperature 



-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Common-Mode 
Pulse Response 



AC Test Circuit 


I I INPI 

'"Hr 



V||m = ± 50 mV FANOUT = 1 FANOUT = 4 
V+ = +5V R = 2.4k R = 630n 

V“= — 5V C= 15 pF C = 30 pF 
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LM161/LM261/LM361 


5*1 National 
dtii Semiconductor 

LM161/LM261/LM361 


High Speed Differential Comparators 


General Description 

The LM161/LM261/LM361 is a very high speed differential 
input, complementary TTL output voltage comparator with 
improved characteristics over the SE529/NE529 for which it 
is a pin-for-pin replacement. The device has been optimized 
for greater speed performance and lower input offset volt- 
age. Typically delay varies only 3 ns for over-drive variations 
of 5 mV to 500 mV. It may be operated from op amp sup- 
plies ( + 15V). 

Complementary outputs having maximum skew are provid- 
ed. Applications involve high speed analog to digital con- 
verters and zero-crossing detectors in disk file systems. 


Features 

■ Independent strobes 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ Operates from op amp supplies ±15V 

■ Low speed variation with overdrive variation 

■ Low input offset voltage 

■ Versatile supply voltage range 


Connection Diagrams 


Dual-ln-Line Package 



Order Number LM161J, LM261 J, LM361 J, 
LM361M or LM361N 

See NS Package Number J14A, M14A or N14A 


Metal Can Package 
V + 



TL/H/5708-3 

Order Number LM161H, LM261H or LM361H 
See NS Package H 10C 


Logic Diagram 


‘Output is 
low when 
current is 
drawn from 
strobe pin. 


V + STROBE 1 * V cc 



TL/H/5708-4 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 4) 


Positive Supply Voltage, V+ 

+ 16V 

Negative Supply Voltage, V~ 

-16V 

Gate Supply Voltage, Vcc 

+ 7V 

Output Voltage 

+ 7V 

Differential Input Voltage 

±5V 

Input Common Mode Voltage 

±6V 

Power Dissipation 

600 mW 

Storage Temperature Range 

— 65°C to + 150°C 

Operating Temperature Range 

Tmin t max 

LM161 

— 55°C to + 125°C 

LM261 

— 25°C to +85°C 

LM361 

0°C to +70°C 

Lead Temp. (Soldering, 10 seconds) 

260°C 

For Any Device Lead Below V~ 

0.3V 


Operating Conditions 



Min 

Typ 

Max 

Supply Voltage V + 




LM161/LM261 

5V 


15V 

LM361 

5V 


15V 

Supply Voltage V" 




LM161/LM261 

— 6V 


-15V 

LM361 

— 6V 


-15V 

Supply Voltage Vcc 




LM161/LM261 

4.5V 

5V 

5.5V 

LM361 

4.75V 

5V 

5.25V 

ESD rating to be determined. 



Soldering Information 




Dual-ln-Line Package 
Soldering (10 seconds) 
Small Outline Package 



260°C 

Vapor Phase (60 seconds) 


215°C 

Infrared (15 seconds) 



220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics (v+ = + iov, v C c = +sv, v- = -iov, t M)N <; t a <; t MA x> unless noted) 


Parameter 

Conditions 

Limits 

Units 

LM161/LM261 

LM361 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 



1 

3 


1 

5 

mV 

Input Bias Current 

T A = 25°C 


5 

20 


10 

30 

< < 

Input Offset Current 

T A = 25°C 


2 

3 


2 

5 

fiA 

/xA 

Voltage Gain 

T a = 25°C 


3 



3 


V/mV 

Input Resistance 

T a = 25°C, f= 1 kHz 


20 



20 


kCl 

Logical “1 ” Output Voltage 

V CC = 4.75 V, 

•SOURCE = “0-5 mA 

2.4 

3.3 


2.4 

3.3 


V 

Logical “0” Output Voltage 

Vcc = 4.75 V, 

ISINK = 6.4 mA 



0.4 



0.4 

V 

Strobe Input “1 ” Current 
(Output Enabled) 

Vcc = 5.25V, 

VSTR0BE = 2.4V 



200 



200 

fiA 

Strobe Input “0” Current 
(Output Disabled) 

V CC = 5.25V, 

VSTROBE = 0-4V 



-1.6 

i 



-1.6 

mA 

Strobe Input “0” Voltage 

V CC = 4.75V 



0.8 



0.8 

V 

Strobe Input “1” Voltage 

Vcc = 4.75 V 

2 



2 



V 

Output Short Circuit Current 

V CC = 5.25V, V OU T = 0V 

-18 


-55 

-18 


-55 

mA 
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LM161/LM261/LM361 


Electrical Characteristics (Continued) 

(V+ = +10V, Vqc = +5V, V - = —10V, T M | N ^ T A ^ Tm A x, unless noted) 


Parameter 

Conditions ! 

LM161/LM261 



Min 

Typ 

l\ 


v+ = iov,v- = -iov, 




Supply Current 1 + 

V GC = 5.25 V, 
-55°C<;T A <;i25 0 C 





< 

+ 

II 

0 
< 

< 

1 

II 

1 

1 




Supply Current 1 + 

V cc = 5.25 V, 
0°C^T A ^70°C 





V+ = 10V, V~ = -10V, 




Supply Current I - 

V CC = 5.25V, 

— 55°C<T a <125°C 





v+ = iov, v- = -iov, 




Supply Current 1 - 

V CC = 5.25 V, 
0°C<T a ^70°C 





v+ = iov,v- = -iov, 




Supply Current Ice 

V CC = 5.25V, 
-55°C^T A <;i25 0 C 





V+=10V, V~ = -10V, 




Supply Current Iqc 

V CC = 5.25 V, 
0°C<T a ^70°C 




Transient Response 

Vin = 50 mV overdrive 
(Note 3) 




Propagation Delay Time (t pc i(o)) 

T a = 25°C 


14 


Propagation Delay Time (t pc j(i)) 

T a = 25°C 


14 


Delay Between Output A and B 

T a = 25°C 


2 


Strobe Delay Time (t pc |(o)) 

T a = 25°C 


8 


Strobe Delay Time (t pc |(i)) 

T a = 25°C 


8 



Note 1: The device may be damaged by use beyond the maximum ratings. 

Note 2: Typical thermal impedances are as follows: 

H Package J Package N Package 

0 jA 1 65°C/W (Still Air) 112°C/W 105°C/W 

67°C/W (400 LF/Min 
Air Flow) 

0 jC 25°C/W 

Note 3: Measurements using AC Test circuit, Fanout = 1 . The devices are faster at low supply voltages. 
Note 4: Refer to RETS161X for LM161H and LM161J military specifications. 




PROPAGATION DELAY (ns) DELAY (nx) SUPPLY CURRENT (mA) INPUT OFFSET VOLTAGE (mV) 



LM161/LM261/LM361 



LM161/LM261/LM361 


Schematic Diagram 

LM161 



RIO, R16: 85 
R11, R17-.205 
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National 
Semiconductor 

LM193/LM293/LM393, LM193A/LM293A/LM393A, 
LM2903 Low Power Low Offset Voltage Dual 
Comparators 

General Description 

The LM193 series consists of two independent precision 
voltage comparators with an offset voltage specification as 
low as 2.0 mV max for two comparators which were de- 
signed specifically to operate from a single power supply 
over a wide range of voltages. Operation from split power 
supplies is also possible and the low power supply current 
drain is independent of the magnitude of the power supply 
voltage. These comparators also have a unique characteris- 
tic in that the input common-mode voltage range includes 
ground, even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple analog 
to digital converters; pulse, squarewave and time delay gen- 
erators; wide range VCO; MOS clock timers; multivibrators 
and high voltage digital logic gates. The LM193 series was 
designed to directly interface with TTL and CMOS. When 
operated from both plus and minus power supplies, the 
LM193 series will directly interface with MOS logic where 
their low power drain is a distinct advantage over standard 
comparators. 

Advantages 


■ Eliminates need for dual supplies 

■ Allows sensing near ground 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Wide single supply 

Voltage range 2.0 Vdc to 36 Vdc 

or dual supplies ±1.0 Vdc to ±18 Vdc 

b Very low supply current drain (0.4 mA) — independent 
of supply voltage 

b Low input biasing current 25 nA 

b Low input offset current ± 5 nA 

and maximum offset voltage ±3 mV 

B Input common-mode voltage range includes ground 
a Differential input voltage range equal to the power sup- 
ply voltage 

B Low output saturation voltage, 250 mV at 4 mA 

m Output voltage compatible with TTL, DTL, ECL, 

MOS and CMOS logic systems 



a High precision comparators 
b Reduced Vqs drift over temperature 


Schematic and Connection Diagrams 


v + 



See NS Package Number H08C 

Typical Applications (v+=5.ov DC ) 


See NS Package Number J08A, 
M08A or N08E 


Basic Comparator 


Driving CMOS 


Driving TTL 


*5 0 Voc *5 Vdc 
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LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903 
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LM 1 93/LM293/LM393, LM193A/LM293A/LM393A, LM2903 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please Operating Temperature Range 

contact the National Semiconductor Sales Office/Distributors for LM393/LM393A 0“Cto +70°C 

availability and specifications. LM293/LM293A - 25°C to + 85°C 

(Note 10) LM193/LM193A 55°C to + 125°C 

Supply Voltage, V+ 36 V DC or ±18 V D c LM2903 - 40°Cto+85°C 

Differential Input Voltage (Note 8) 36V DC Storage Temperature Range -65“Cto +150“C 

Input Voltage -0.3 V DC to +36V DC Lead Temperature (Soldering, 10 seconds) + ; 260°C 

Input Curenl (Vw < — 0.3 Vqc) (Note 3) 5 0»A 

Power Dissipation (Note 1) Soldering (10 seconds) 260°C 

Molded DIP 780 mW Small Outline Package 

Metal Can 660 mW Vapor Phase (60 seconds) 215°C 

Small Outline Package 51 0 mW Infrared (1 5 seconds) 220°C 

Output Short-Circuit to Ground (Note 2) Continuous See /\N-450 “Surface Mounting Methods and Their Effect on Product 

Reliability” for other methods of soldering surface mount devices. 

ESD rating (1 .5 kft in series with 1 00 pF) 1 300V 

Electrical Characteristics (v+ =5 vdc, ta = 25°c, unless otherwise stated) 

Parameter 

Conditions 

LM193A 

LM293A, LM393A 

LM193 

LM293, LM393 

LM2903 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

(Note 9) 


±1.0 

±2.0 


±1.0 

±2.0 


±1.0 

±5.0 


±1.0 

±5.0 


±2.0 

±7.0 

mV D c 

Input Bias Current 

I|n(+) or l|fg(— ) with Output In Linear 



25 

100 


25 

250 


25 

100 


25 

250 


25 

250 

nA D c 


Range, Vqm = 0V (Note 5) 


















Input Offset Current 

I|n( + Min(-) v CM = 0V 


±3.0 

±25 


±5.0 

±50 


±3.0 

±25 


±5.0 

±50 


±5.0 

±50 

nAoc 

Input Common Mode 

V + = 30 V DC (Note 6) 

0 



V+-1.5 

0 


V+-1.5 

0 


V + — 1.5 

0 


V + — 1.5 

0 


V + — 1.5 

Vdc 

Voltage Range 



















Supply Current 

R l = «> on All Comparators, 



0.4 

1 


0.4 

1 


0.4 

1 


0.4 

1 


0.4 

1.0 

mA D c 


r l = oo on All Amps, V+ =36 Vpc 



1 

2.5 


1 

2.5 


1 

2.5 


1 

2.5 


1 

2.5 

mAoc 

Voltage Gain 

R l ^15 kft, V+ = 15 V DC 

50 


200 


50 

200 


50 

200 


50 

200 


25 

100 


V/mV 


Vo = 1 Vqc to 1 1 Vdc 


















Large Signal Response 

V| N = TTL Logic Swing, Vref= 1 -4 Vdc 



300 



300 



300 



300 



300 


ns 

Time 

Vrl = 5Vdc, Rl = 5.1 kft 


















Response Time 

Vrl=5V D c, Rl= 5.1 kfl (Note 7) 


1.3 



1.3 



1.3 



1.3 



1.5 


[IS 

Output Sink Current 

Vin(-) = i v DC , V| N (+ ) = o, v 0 ^ i .5 v DC 

6.0 

16 


6.0 

16 


6.0 

16 


6.0 

16 


6.0 

16 


mAoc 

Saturation Voltage 

V | N ( -) = 1 Vdc, V| N ( + ) = 0, Isink ^ 4 mA 


250 

400 


250 

400 


250 

400 


250 

400 


250 

400 

mVoc 

Output Leakage Current 

V| N (-)=0, V| N (+ )= i v DC , v 0 =5V DC 


0.1 



0.1 



0.1 



0.1 



0.1 


nA D c 
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Electrical Characteristics <v + = 5v DC )(Note4) 


Parameter 

Conditions 

LM193A 

LM293A, LM393A 

LM193 

LM293, 

LM393 

LM2903 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

(Note 9) 



±4.0 



±4.0 



±9 



±9 


±9 

±15 

mVoc 

Input Offset Current 

l|N( + ) _ l|N(— ). Vcm = 0V 



±100 



±150 



±100 



±150 


±50 

±200 

nA DC 

Input Bias Current 

Iin( + ) or Iin(~) with Output in Linear Range, 
Vcm = 0V (Note 5) 



300 



400 



300 



400 


200 

500 

nA DC 

Input Common Mode Voltage Range 

V+ =30 V DC (Note 6) 

0 


V+-2.0 

0 


V+-2.0 

0 


V+-2.0 

0 


V+-2.0 

0 


V+-2.0 

Vdc 

Saturation Voltage 

v in( - ) = i v DC. V|n(+) = 0, IsiNK^ 4 mA , 



700 



700 



700 



700 


400 

700 

mVoc 

Output Leakage Current 

V| N ( -) = 0 , V| N( + ) = i v DC , v 0 = 30 v DC 



1.0 



1.0 



1.0 



1.0 



1.0 

Mdc 

Differential Input Voltage 

Keep All Vin’s^O Vpc (or V - , if Used), 

(Note 8) 



36 



36 



36 



36 



36 

Vdc 


Note 1: For operating at high temperatures, the LM393/LM393A and LM2903 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 170°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM193/LM193A/LM293/LM293A must be derated based on a 150°C maximum junction temperature. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the 
chip dissipation very small (Pd ^100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 20 mA independent of the magnitude of V+. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vdc- 
Note 4: These specifications are limited to -55 °C^Ta^ + 125°C, for the LM193/LM193A, With the LM293/LM293A all temperature specifications are limited to -25 °C^Ta^ +85°C and the LM393/LM393A temperature specifica- 
tions are limited to 0°C^T A ^ +70°C. The LM2903 is limited to -40 °C^Ta^ +85°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + - 1 .5 V at 25°C, but either or both inputs can go 
to 36 Vqc without damage, independent of the magnitude of V+. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low input voltage state must 
not be less than -0.3 Vdc (° r °- 3 Vdc below the magnitude of the negative power supply, if used). 

Note 9: At output switch point, Vo=1-4 Vdc. Rs = 0 ^ with V+ from 5 Vdc to 30 Vdc; and over the full input common-mode range (0 Vdc to V+ -1.5 Vdc). at 25°C. 

Note 10: Refer to RETS193AX for LM193AH/military specifications and to RETS193X for LM193H/military specifications. 
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LM 1 93/LM293/LM393, LM 1 93A/LM293A/LM393A, LM2903 


Typical Performance Characteristics lmi93/lm293/lm393, lmi93a/lm293a/lm393a 


Supply Current 


Input Current 
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Typical Performance Characteristics LM 2903 


Supply Current 


10 20 30 40 

V + , SUPPLY VOLTAGE (V DC ) 


Input Current 



10 20 30 40 

V + , SUPPLY VOLTAGE (V DC ) 


Output Saturation Voltage 



T A = +85°C. 
0.1 ,T a = +25°C.' 
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Response Time for Various 
Input Overdrives — Negative 
Transition 
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TIME (Msec) 


Response Time for Various 
Input Overdrives — Positive 
Transition 

INPUT OVERDRIVE = 100 mV 

-ww : 
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Application Hints 

The LM193 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the out- 
put lead is inadvertently allowed to capacitively couple to 
the inputs via stray capacitance. This shows up only during 
the output voltage transition intervals as the comparator 
change states. Power supply bypassing is not required to 
solve this problem. Standard PC board layout is helpful as it 
reduces stray input-output coupling. Reducing the input re- 
sistors to < 10 ktt reduces the feedback signal levels and 
finally, adding even a small amount (1.0 to 10 mV) of posi- 
tive feedback (hysteresis) causes such a rapid transition 
that oscillations due to stray feedback are not possible. Sim- 
ply socketing the 1C and attaching resistors to the pins will 
cause input-output oscillations during the small transition in- 
tervals unless hysteresis is used. If the input signal is a 
pulse waveform, with relatively fast rise and fall times, hys- 
teresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the LM193 series establishes a drain 
current which is independent of the magnitude of the power 
supply voltage over the range of from 2.0 Vdc to 30 Vdc- 

It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

Typical Applications (continued) <v+ = is v D c) 


The differential input voltage may be larger than V+ without 
damaging the device (see Note 8). Protection should be 
provided to prevent the input voltages from going negative 
more than -0.3 Vdc (at 25°C). An input clamp diode can be 
used as shown in the applications section. 

The output of the LM1 93 series is the uncommitted collector 
of a grounded-emitter NPN output transistor. Many collec- 
tors can be tied together to provide an output OR’ing func- 
tion. An output pull-up resistor can be connected to any 
available power supply voltage within the permitted supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V+ 
terminal of the LM193 package. The output can also be 
used as a simple SPST switch to ground (when a pull-up 
resistor is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V+) and the p of this device. When the 
maximum current limit is reached (approximately 16 mA), 
the output transistor will come out of saturation and the out- 
put voltage will rise very rapidly. The output saturation volt- 
age is limited by the approximately 60fl rgAT of the output 
transistor. The low offset voltage of the output transistor 
(1.0 mV) allows the output to clamp essentially to ground 
level for small load currents. 


Squarewave Oscillator 



Pulse Generator Crystal Controlled Oscillator 



V 



Two-Decade High-Frequency VCO 
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LM 1 93/LM293/LM393, LM193A/LM293A/LM393A, LM2903 




Typical Applications (continued) (v+ = 15 v DC ) 


Basic Comparator 

v* 



TL/H/5709-6 


Non-Inverting Comparator with Hysteresis 


v 4 



Output Strobing 


v + 



WITHOUT PULL UP RESISTOR 

TL/H/5709-1 1 


AND Gate 



inverting Comparator with Hysteresis 


v + 



OR Gate 



TL/H/5709-1 3 





I 


1 


15 


Low Frequency Op Amp 


v 



100k 















LM710/LM710C 


National 
Semiconductor 

LM710/LM710C 
Voltage Comparator 

General Description 

The LM710 series are high-speed voltage comparators in- 
tended for use as an accurate, low-level digital level sensor 
or as a replacement for operational amplifiers in comparator 
applications where speed is of prime importance. The circuit 
has a differential input and a single-ended output, with satu- 
rated output levels compatible with practically all types of 
integrated logic. 

The device is built on a single silicon chip which insures low 
offset and thermal drift. The use of a minimum number of 
stages along with minority-carrier lifetime control (gold dop- 
ing) makes the circuit much faster than operational amplifi- 
ers in saturating comparator applications. In fact, the low 


stray and wiring capacitances that can be realized with 
monolithic construction make the device difficult to dupli- 
cate with discrete components operating at equivalent pow- 
er levels. 

The LM710 series are useful as pulse height discriminators, 
voltage comparators in high-speed A/D converters or go, 
no-go detectors in automatic test equipment. They also 
have applications in digital systems as an adjustable-thresh- 
old line receiver or an interface between logic types. In addi- 
tion, the low cost of the units suggests them for applications 
replacing relatively simple discrete component circuitry. 



Schematic and Connection Diagrams 



Metal Can Package 



TL/H/10410-2 

Top View 

Note: Pin 4 is connected to case. 

Order Number LM710H or LM710CH 
See NS Package Number H08C 


Dual-In-Line Package 



TL/H/10410-3 


Order Number LM710CN 
See NS Package Number N14A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Positive Supply Voltage + 1 4V 

Negative Supply Voltage - 7V 

Peak Output Current 1 0 mA 

Output Short Circuit Duration 1 0 seconds 

Differential Input Voltage ± 5V 

Input Voltage +7V 


Power Dissipation 
TO-99 (Note 1) 

Plastic Dual-ln-Line Package (Note 2) 
Operating Temperature Range 
LM710 
LM710C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


700 mW 
950 mW 

— 55°C to +125°C 

0°C to + 70°C 

— 65°C to + 1 50°C 

260°C 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM710 

LM710C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

R s ^ 200a, V CM = 0V, T A = 25°C 


0.6 

2.0 


1.6 

5.0 

mV 

Input Offset Current 

V 0 UT= 1.4V,T A = 25°C 


0.75 

3.0 


1.8 

5.0 

juA 

Input Bias Current 

T a = 25°C 


13 

20 


16 

25 

jaA 

Voltage Gain 

T a = 25°C 

1250 

1700 


1000 

1500 



Output Resistance 

T a = 25°C 


200 



200 


a 

Output Sink Current 

V 0 UT = 0, T A = 25° C 

AVin ^ 5 mV 

2.0 

2.5 





mA 


AV iN ^ 10 mV 




1.6 

2.5 


mA 

Response Time 

T a = 25°C (Note 4) 


40 



40 


ns 

Input Offset Voltage 

R S £ 200n, V CM = 0V 



3.0 



6.5 

mV 

Average Temperature Coefficient 

TmIN ^ T a ^ T MA x 


3.0 

10 


5.0 

20 

/xV/°C 

of Input Offset Voltage 

Rs ^ 50a 



Input Offset Current 

T A = T AMAX 


0.25 

3.0 



7.5 

juA 


Ta = T A min 


1.8 

7.0 



7.5 

fiA 

Average Temperature Coefficient 

25°C ^ T A ^ T MA x 


5.0 

25 


15 

50 

nA/°C 

of Input Offset Current 

TmIN ^ T a ^ 25°C 


15 

75 


24 

100 

nA/°C 

Input Bias Current 

Ta = t M | N 


27 

45 


25 

40 

JLiA 

Input Voltage Range 

< 

1 

II 

1 

-si 

< 

±5.0 



±5.0 



V 

Common-Mode Rejection Ratio 

R s ^ 200a 

80 

100 


70 

98 


dB 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Voltage Gain 

: 

1000 



800 



V/V 

Positive Output Level 

— 5 mA ^ loUT ^ 0 

V|n ^ 5 mV 

2.5 

3.2 

4.0 




V 


V )N ^10mV 




2.5 

3.2 

4.0 

V 

Negative Output Level 

V|n ;> 5 mV 

-1.0 

-0.5 

0 




V 


V (N ^ 10 mV 




-1.0 

-0.5 

0 

V 

Output Sink Current 

V|n ^ 5 mV, Vqut = 0 

T a = 125°C 

0.5 

1.7 





mA 


T a = — 55°C 

1.0 

2.3 





mA 


V|n ^io mV, Vqut = o 

0°C < T A ^ +70°C 




0.5 



mA 
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LM710/LM710C 


Electrical Characteristics (Note 3) (Continued) 


Parameter 

Conditions 

LM710 

LM710C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Positive Supply Current 

V|n ^ 5 mV 


5.2 

9.0 




mA 


V| N ;> 10 mV 





5.2 

9.0 

mA 

Negative Supply Current 

V|n ^ 5 mV 


4.6 

7.0 




mA 


V| N ;> 10 mV 





4.6 

7.0 

mA 

Power Consumption 

■out = o 

V|n ^ 5 mV 


90 

150 




mW 


V|n ^10 mV 






150 

mW 


Note 1: Rating applies for ambient temperatures of 25°C; derate linearly at 5.6 mW/°C for ambient temperatures above 25°C. 

Note 2: Derate linearly at 9.5 mW/°C for ambient temperatures above 25°C. 

Note 3: These specifications appy for V + = 12V, V - = -6V, -55°C ^ Ta ^ +125°C for LM710 and 0°C ^ T A ^ +70°C for LM710C unless otherwise 
specified: The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.8V at -55°C, 1.4V at 25°C, and IV at 
125°C for LM710 and 1.5V at 0°C, 1.4V at 25°C, and 1.2V at 70°C for LM710C. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive (LM710) or a 10 mV overdrive (LM710C). 


Typical Applications 

Schmitt Trigger 



TL/H/1 0410-4 


Line Receive with increased 
Output Sink Current 
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OUTPUT LEVEL (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (mV) INPUT BIAS CURRENT (jik) OUTPUT VOLTAGE (V) 



LM710/LM710C 





LM1514/LM1414 



National 

Semiconductor 


LM1514/LM1414 

Dual Differential Voltage Comparator 


General Description 

The LM1514/LM1414 is a dual differential voltage compara- 
tor intended for applications requiring high accuracy and 
fast response times. The device is constructed on a single 
monolithic silicon chip. 

The LM1514/LM1414 is useful as a variable threshold 
Schmitt trigger, a pulse height discriminator, a voltage com- 
parator in high-speed A/D converters, a memory sense am- 
plifier or a high noise immunity line receiver. The output of 
the comparator is compatible with all integrated logic forms. 
The LM1514/LM1414 meet or exceed the specifications for 
the MCI 51 4/MCI 41 4 and are pin-for-pin replacements. 
The LM1514 is available in the ceramic dual-in-line pack- 
age. The LM1414 is available in either the ceramic or mold- 
ed dual-in-line package. 


The LM1514 is specified for operation over the -55°C to 
+ 1 25°C military temperature range. The LM1414 is speci- 
fied for operation over the 0°C to + 70°C temperature range. 

Features 

■ Two totally separate comparators per package 

■ Independent strobe capability 

■ High speed 30 ns typ 

■ Low input offset voltage and current 

■ High output sink current over temperature 

■ Output compatible with TTL/DTL logic 

■ Molded or ceramic dual-in-line package 


Schematic and Connection Diagrams 


V* STROBE OUTPUTS STROBE V* 



Dual-ln-Line Package 



Order Number LM1414J or LM1514J 
See NS Package Number J14A 

Order Number LM1414N 
See NS Package Number N14A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, Power Dissipation (Note 2) lOOOmW 

please contact the National Semiconductor Sales Operating Temperature Range 

Office/Distributors for availability and specifications. LM1 51 4 -55°C to + 1 25°C 

Positive Supply Voltage +14.0V LM1414 0°Cto+70°C 

Negative Supply Voltage -7.0V Storage Temperature Range -65°Cto +150°C 

Peak Output Current 1 0 mA Lead Temperature (Soldering, 1 0 sec.) 300°C 

Differential Input Voltage ± 5.0V 

Input Voltage +7.0V 

Electrical Char3Ct6NStiCSforT A = 25°C, V+ = + 12V, V“ = -6V, unless otherwise specified 

Parameter 

Conditions 

LM1514 

LM1414 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

r s <; 20on, v C m = ov, v 0 ut = i.4V 


0.6 

2.0 


1.0 

5.0 

mV 

Input Offset Current 

VcM = ov > VoUT = 1 *4V 


0.8 

3.0 


1.2 

5.0 

julA 

Input Bias Current 




20 



25 

fxA 

Voltage Gain 


1250 



1000 




Output Resistance 



200 



200 


ft 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Input Voltage Range 

V- = -7.0V 

±5.0 



±5.0 



V 

Common Mode Rejection Ratio 

R s £ 200ft, V~ = -7.0V 

80 

100 


70 

100 


dB 

Positive Output Voltage 

V|n ^ 7.0 mV, 0 ^ loUT ^ — 5.0 mA 

2.5 

3.2 

4.0 

2.5 

3.2 

4.0 

V 

Negative Output Voltage 

V| N ^ -7.0 mV 

-1.0 

-0.5 

0 

-1.0 

-0.5 

0 

V 

Strobed Output Voltage 

VSTROBE ^ 0-3V 

-1.0 

-0.5 

0 

-1.0 

-0.5 

0 

V 

Strobe “0” Current 

v STROBE = 100 mV 


-1.2 

-2.5 


-1.2 

-2.5 

mA 

Positive Supply Current 

V| N <; -7 mV 



18 



18 

mA 

Negative Supply Current 

V| N <; -7 mV 



-14 



-14 

mA 

Power Consumption 



180 

300 


180 

300 

mW 

Response Time 

(Note 3) 


30 



30 


ns 

LM1514/LM1414: The following apply for T[_ ^ T A < Th (Note 4) unless otherwise specified 

Input Offset Voltage 

R s <; 200ft, Vqut = 1.8VforT A = T|_ 



3.0 



6.5 

mV 


Vcm = 0V, Vqut = 1 -0V for T A = T H 



3.0 



6.5 

mV 

Input Bias Current 




45 



40 

fxA 

Temperature Coefficient of 



3.0 



5.0 


jU,V/°C 

Input Offset Voltage 








Input Offset Current 

V C M ~ 0V, V 0U t = 1.8V, T a = T L 



7.0 



7.5 

jutA 


Vcm = 0V,Vout = 1-0V,t a = t h 



3.0 



7.5 

/mA 

Voltage Gain 


1000 



800 




Output Sink Current 

V|n —9.0 mV, Vqut ^ ov 

2.8 

4.0 


1.6 

2.5 


mA 

Note 1: Voltage values are with respect to network ground terminal. Positive current is defined as current into the referenced pin. 




Note 2: LM1514 ceramic package: The maximum junction temperature is + 150°C, for operating at elevated temperatures, devices must be derated linearly at 12.5 

mW/°C. LM1414 ceramic package: The maximum junction temperature is + 125°C for operating at elevated temperatures, devices must be derated linearly at 12.5 

mW/ 6 C. LM1414 molded package: The maximum junction temperature is +125°C, for operating at elevated temperatures, devices must be derated linearly at 10 

mW/°C. 









Note 3: The response time specified (see definitions) for a 100 mV input step with 5 mV overdrive. 







Note 4: For LM1514, T L = -55°C, T H 

= + 1 25°C. For LM1414, T L = 0°C, T H = +70°C. 
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LM1514/LM1414 



LP265/LP365 


National 
Semiconductor 

LP265/LP365 Micropower Programmable 
Quad Comparator 

General Description 

The LP365 consists of four independent voltage compara- 
tors. The comparators can be programmed, four at the 
same time, for various supply currents, input currents, re- 
sponse times and output current drives. This is accom- 
plished by connecting a single resistor between the Vcc 
and Iset Pins. 

These comparators can be operated from split power sup- 
plies or from a single power supply over a wide range of 
voltages. The input can sense signals at ground level even 
with single supply operation. The unique output NPN tran- 
sistor stages are uncommitted to either power supply. They 
can be connected directly to various logic system supplies 
so that they are highly flexible to interface with various logic 
families. 

Application areas include battery power circuits, threshold 
detectors, zero crossing detectors, simple serial A/D con- 
verters, VCO, multivibrators, voltage converters, power se- 
quencers, and high performance V/F converters, and RTD 
linearization. 


Connection Diagram 


Iset 0UT2 0UT1 V + -INI +IN1 -IN2 +IN2 
TOP VIEW 

TL/H/5023-2 

Order Number LP365M, LP265N, LP365AN or LP365N 
See NS Package Numbers M16A or N16A 


Dual-In-Line Package 

Ve 0UT3 0UT4 V- + IN4 -IN4 + IN3 -IN3 


■1 


■ 

B 

H 


n 

IB! 

s 


Ti [2 h R h k [7 f? 


Typical Connection 



TL/H/5023-1 


Programming Equation 


■SET = 


I 


(V + )~ (V-) — 1.3V 
r set 


supply- 22 x Iset 


Features 

■ Single programming resistor to tailor power consump- 
tion, input current, speed and output current drive 
capability 

■ Wide single supply voltage range or dual supplies (4 
Vqc to 36 Vqc or ±2.0 Vqc to ±18 Vqq) 

■ Low supply current drain (10 juA) and low power 

consumption (1 0 jnW/comparator) @ Iset = 0.5 ju,A 
Vcc = 5 vdc 

■ Uncommitted output stage — selectable output levels 

■ Output directly compatible with DTL, TTL, CMOS, MOS 
or other special logic families 

■ Input common-mode range includes ground 

■ Differential input voltage equal to the power supply 

voltage 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 36 Vdc or ± 1 8 V D q 

Differential Input Voltage ± 36 Vdc 

Input Voltage (Note 1 ) - 0.3V to + 36 Vdc 

Output Short Circuit to Ve (Note 2) Continuous 

Vout w 'th Respect to Ve Ve~7V<^Vout^Ve + 36V 

ESD T olerance (Note 1 0) 2000V 

Electrical Characteristics (Note 4) Low power V$ = 5V, Iset = 1 0 jwA 



M Package 

N Package 

Power Dissipation (Note 3) 

500 mW 

500 mW 

Tj Max 

1 15°C 

1 15°C 

0]A 

1 15°C/W 

90°C/W 

Lead Temp. 



(Soldering— 10 sec.) 


260°C 

(Vapor Phase — 60 sec.) 

215°C 


(Infrared— 15 sec.) 

220°C 


Operating Temp. Range LP365: 

0°C ^ T A ^ + 70°C 

LP265: 

— 40°C ^ T A ^ +85°C 

Storage Temp. Range 

— 40°C <£ T a ^ + 1 50°C 


Symbol 

Parameter 

Conditions 

LP365A 

LP265/LP365 

Units 

(Limit) 

Typ 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Typ 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Vos 

Input Offset 
Voltage 

VcM = OV, 

R S = 100 

1 

3 

6 

3 

6 

9 

mV 

(Max) 

■OS 

Input Offset 
Current 

5 c? 

8* 
cn II 
o 
< 

2 

20 

50 

4 

25 

75 

nA 

(Max) 




4 

25 

150 

•b 

Input Bias 

Current 

VcM = 0V 

LP265 

10 

50 

125 

15 

75 

200 

nA 

(Max) 




15 

75 

300 

a vol 

Large Signal 
Voltage Gain 

R L = 100k 

500 

50 

50 

300 

25 

25 

V/mV 

(Min) 

VcM 

Input Common- 
Mode Voltage 
Range 



0 

O 


0 

O 

V 

(Max) 


3 

3 


3 

3 

V 

(Min) 

CMRR 

Common-Mode 
Rejection Ratio 

0^V C m^3V 

85 

75 

70 

80 

75 

70 

dB 

(Min) 

PSRR 

Supply Voltage 
Rejection Ratio 

±2.5V<;V S 
^ +3.5V 

75 

65 

65 

70 

65 

65 

dB 

(Min) 

•s 

Supply Current 

All Inputs = 0V, 

R L = oo 

215 

250 

300 

225 

275 

300 

julA 

(Max) 

VoH 

Output Voltage 
High 

V C = 5V, 

v E =ov, 

R L = 100k 


4.9 

4.5 


4.9 

4.5 

V 

(Min) 

VOL 

Output Voltage 
Low 

v E =ov 


0.4 

0.4 


0.4 

0.4 

V 

(Max) 

■sink 

Output Sink 
Current 

v E =ov, 

V o = 0.4V 

2.4 

1.2 

0.6 

2.0 

0.8 

0.4 

mA 

(Min) 

■leak 

Output Leakage 
Current 

> > 
in o 

II II 

O Lii 
> > 

2 

50 

5000 

2 

100 

5000 

nA 

(Max) 

*R 

Response Time 

V C C=5V, 

v E =ov, 

R L = 5k, 
C L =10pF 
(Note 7) 

4 



4 



JLtS 
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LP265/LP365 



LP265/LP365 


Electrical Characteristics (Continued) (Note 8) High power Vs= ± 15V, Iset = 100 jllA 


Symbol 

Parameter 

Conditions 

LP365A 

LP265/LP365 

Units 

(Limit) 

Typ 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Typ 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

v os 

Input Offset 
Voltage 

V CM = 0V, 
R s =100 

1 

3 

6 

3 

6 

9 

mV 

(Max) 

■os 

Input Offset 
Current 

V C M = 0V 

LP265 

5 

50 

100 

10 

90 

200 

nA 

(Max) 




10 

90 

500 

■b 

Input Bias 

Current 

V C M = 0V 

LP265 

60 

200 

500 

80 

300 

500 

nA 

(Max) 




80 

300 

800 

a vol 

Large Signal 
Voltage Gain 

R L =15k 

500 

100 

100 

500 

100 

100 

V/mV 

(Min) 

V CM 

Input Common- 
Mode Voltage 
Range 



-15 

-15 


-15 

-15 

V 

(Max) 


13 

13 


13 

13 

V 

(Min) 

CMRR 

Common-Mode 
Rejection Ratio 

— 15V<;Vcm 
^13V 

85 

75 

70 

80 

75 

70 

dB 

(Min) 

PSRR 

Supply Voltage 
Rejection Ratio 

±10V^V S 

<;±15V 

80 

70 

70 

75 

70 

70 

dB 

(Min) 

■s 

Supply Current 

All Inputs = 0V, 
R l =°o, LP265 

2.6 

3 

3.3 

2.8 

3.5 

3.7 

mA 

(Max) 




2.8 

3.5 

4.3 

VoH 

Output Voltage 
High 

V C =5V, 

v E =ov, 

R L = 100k 


4.9 

4.5 


4.9 

4.5 

V 

(Min) 

v OL 

Output Voltage 
Low 

< 

m 

II 

o 

< 


0.4 

0.4 


0.4 

0.4 

V 

(Max) 

■sink 

Output Sink 
Current 

> | 
o O 

II II 

lu O 
> > 

10 

8 

5.5 

7.5 

6 

4 

mA 

(Min) 

■leak 

Output Leakage 
Current 

> 

> £ 
5 i 

ii ii 

O LU 
> > 

5 

50 

5000 

5 

50 

5000 

nA 

(Max) 

*R 

Response Time 

V CC = 5V, 

V E = 0V, 

R L =5k, 

C L = 10 pF 
(Note 7) 

1.0 



1.0 



/IS 


Note 1: The input voltage is not allowed to go 0.3V above V+ or -0.3V below V~ as this will turn on a parasitic transistor causing large currents to flow through 
the device. 

Note 2: Short circuits from the output to V+ may cause excessive heating and eventual destruction. The current in the output leads and the Ve lead should not be 
allowed to exceed 30 mA. The output should not be shorted to V - if Ve^(V~) + 7 V. 

Note 3: For operating at elevated temperatures, these devices must be derated based on a thermal resistance of 0j A and Tj max. Tj=T A +0j A P D . 

Note 4: Boldface numbers apply at temperature extremes. All other numbers apply at T A =Tj = 25°C. V+ = 5V, V~=0V, Iset = 10 J^A, R|_=100k, and 
Vc = 5V as shown in the Typical Connection diagram. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed (but not 100% production tested) over the operating temperature and supply voltage ranges. These limits are not used to calculate out-going 
quality levels. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. 

Note 8: Boldface numbers apply at temperature extremes. All other numbers apply atT A =Tj=25°C. V + = + 15V, V~ - -15V, Iset = 100 ju,A, RL=100k, and 
Vc = 5V as shown in the Typical Connection diagram. 

Note 9: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices. 

Note 10: Human body model, 1.5 kfl in series with 100 pF. 
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Typical Performance Characteristics 
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LP265/LP365 


Typical Applications 


Gated 4-Phase Oscillator 



f = 20 kHz 


1 .6«R{*C t 

All four phases run when X is low. When X is high, oscillation stops and 
power drain is zero. 


“Voting” Comparator 


5V 



TL/H/5023-5 


If Vg = 0.25V, then VouT will be low if 1 of the 3 other outputs are low. 
Choice of Ve = 0.50V causes Vout to be low if 2 of the 3 other outputs are 
low; Ve = 0.75V will cause Vqut to be low if all 3 other outputs are low. 
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Typical Applications (Continued) 


Ordinary Hysteresis 


Hysteresis from Emitter 



V|N 1+ V+VJl 

IseN 


It is a good practice to add a few millivolts of positive feedback to prevent 
oscillation when the input voltage is near the threshold. 


Positive feedback from the emitter can also prevent oscillations when Vin is 
near the threshold. 


Bar-Graph Display 


Level-Sensitive Strobe 



f 4.7M I < 150k 


► 47k >47Qk 


Vref + v+ s sjf 





The positive feedback from pin 16 provides hysteresis. 


Comparators B, C, and D do not respond until activated by the signal applied 
to comparator A. 










Simplified Schematic 



CURRENT 

SOURCE 

CONTROL 


TL/H/5023-14 


Current sources are programmed by Iset 
Ve is common to all 4 comparators 
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LP311 


National 
Semiconductor 

LP311 Voltage Comparator 

General Description 

The LP31 1 is a low power version of the industry-standard 
LM311. It takes advantage of stable high-value ion-implant- 
ed resistors to perform the same function as an LM31 1 , with 
a 30:1 reduction in power drain, but only a 6:1 slowdown of 
response time. Thus the LP31 1 is well suited for battery- 
powered applications, and all other applications where fast 
response is not needed. It operates over a wide range of 
supply voltages from 36V down to a single 3V supply, with 
less than 200 julA drain, but it is still capable of driving a 25 
mA load. The LP31 1 is quite easy to apply without any oscil- 
lation, if ordinary precautions are taken to minimize stray 
coupling from the output to either input or to the trim pins. 
(See the LM311 section of the Linear Databook.) 


Features 

■ Low power drain, 900 julW on 5V supply 

■ Operates from ± 1 5V or a single supply as low as 3V 

■ Output can drive 25 mA 

■ Emitter output can swing below negative supply 

■ Response time: 1.2 jas 

■ Same pin-out as LM31 1 

■ Low input currents: 2 nA of offset, 15 nA of bias 

■ Large common-mode input range: -14.6V to 13.6V 
with ±15V supply 



Schematic Diagram 



TL/H/5711-7 


Connection Diagrams 

Dual-ln-Line Package 



Top View 

Order Number LP311N 
See NS Package Number N08E 


Metal Can Package 

v + 



TOP VIEW 


Note: Pin 4 connected to case. 


TL/H/5711-3 


Order Number LP311H 
See NS Package Number H08C 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

T otal Supply Voltage (V 8 _ 4 ) 36V 

Collector Output to Negative Supply Voltage (V 7 _ 4 ) 40V 

Collector Output to Emitter Output 40V 

Emitter Output to Negative Supply Voltage (V-j _ 4 ) ± 30V 
Differential 1 nput Voltage ± 30 V 

Input Voltage (Note 1) ±15V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 1 0 sec 

Operating T emperature Range 0°C to 70°C 

Storage T emperature Range - 65°C to 1 50°C 

Lead Temperature (Soldering, 1 0 seconds) 260°C 

Electrical Characteristics (Note 3) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25°C, Rs^lOOk 


2.0 

7.5 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


2.0 

25 

nA 

Input Bias Current 

T a = 25°C 


15 

100 

nA 

Voltage Gain 

T a = 25°C, R L =5k 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


1.2 


]XS 

Saturation Voltage (Note 6) 

V|n^ -10 mV, Iout = 25 mA 

T A = 25°C 


0.4 

1.5 

V 

Strobe Current (Note 7) 

T a = 25°C 

100 

200 

300 

jutA 

Output Leakage Current 

V| N ^10mV, V 0 UT = 35V 

T a = 25°C 


0.2 

100 

nA 

Input Offset Voltage (Note 4) 

Rs^lOOk 



10 

mV 

Input Offset Current (Note 4) 




35 

nA 

Input Bias Current 




150 

nA 

Input Voltage Range 


V - + 0.5 

+ 13.7, -14.7 

V+-1.5 

V 

Saturation Voltage (Note 6) 

V+^4.5V,V- = 0V 

V||sj <^—10 mV, Isink^ 1 -3 mA 


0.1 

0.4 

V 

Positive Supply Current 

T a = 25°C, Output on 


150 

300 

jxA 

Negative Supply Current 

T a = 25°C 


80 

180 

fiA 

Minimum Operating Voltage 

T a = 25°C 


3.0 

3.5 

V 

Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LP311 is 85°C. For operating at elevated temperatures, devices in the dual-in-line package must be derated 
based on a thermal resistance of 1 60°C/W, junction to ambient. 

Note 3: These specifications apply for V§= ± 15V and 0 °C^Ta^ 70°C, unless otherwise specified. The offset voltage, offset current and bias current specifications 
apply for any supply voltage from a single 4 V supply up to ± 15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, these 
parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 

Note 6: Saturation voltage specification applied to collector-emitter voltage (V7-1) for VcoLLECTOR ^ (V+ - 3V). 

Note 7: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground. It should be current driven, 100 fxA to 300 p, A. 
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INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) COMMON MODE LIMITS (V) INPUT BIAS CURRENT (nA) 


Typical Performance Characteristics 


Input Characteristics 


Input Bias Current 


Input Offset Current 




Response Time for Various Output Limiting 

input Overdrives Characteristics 

■■■■ 

mmm 

1 BmS 

M|iib 


1 KIN 111111 

nmpPHii 

■IIIIIKS1I 

m 



Z 4 6 B ID 12 

TIME ( M s) 


5 1U 15 

OUTPUT VOLTAGE (V) 

TL/H/571 1-5 









Typical Performance Characteristics (Continued) 


Supply Current 


350 

300 
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1 1 
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! 
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OUTPUT HIGH 


0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


Supply Current 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


Leakage Currents 



TL/H/5711-6 


Applications Information 

For applications information and typical applications, refer to the LM31 1 datasheet. 


Auxiliary Circuits 

Strobing 



Note: Do not ground strobe pin. 


TL/H/5711-1 


Offset Balancing 

R2 



TL/H/571 1 -2 



5-87 


LP311 



LP339 



National 

Semiconductor 


LP339 Ultra-Low Power Quad 

General Description 

The LP339 consists of four independent voltage compara- 
tors designed specifically to operate from a single power 
supply and draw typically 60 juA of power supply drain cur- 
rent over a wide range of power supply voltages. Operation 
from split supplies is also possible and the ultra-low power 
supply drain current is independent of the power supply volt- 
age. These comparators also feature a common-mode 
range which includes ground, even when operated from a 
single supply. 

Applications include limit comparators, simple analog-to-dig- 
ital converters, pulse, square and time delay generators; 
VCO’s; multivibrators; high voltage logic gates. The LP339 
was specifically designed to interface with the CMOS logic 
family. The ultra-low supply current makes the LP339 valu- 
able in battery powered applications. 

Advantages 

■ Ultra-low power supply drain suitable for battery appli- 
cations 


Schematic and Connection Diagrams 


v + 



Typical Applications <v+ = 5.0 v DC ) 

Basic Comparator 


+VinH 


+Vref — H 



TL/H/5226-3 


Comparator 


■ Single supply operation 

■ Sensing at ground 

■ Compatible with CMOS logic family 

■ Pin-out identical to LM339 

Features 

n Ultra-low power supply current drain (60 juA) — indepen- 
dent of the supply voltage (75 jnW/comparator at 
+ 5 V D q) 

■ Low input biasing current 3 nA 

■ Low input offset current ±0.5 nA 

H Low input offset voltage ±2 mV 

■ Input common-mode voltage includes ground 

b Output voltage compatible with MOS and CMOS logic 
B High output sink current capability (30 mA at 
V 0 = 2V DC ) 

b Supply Input protected against reverse voltages 


OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4- INPUT 3+ INPUT 3- 



14 

13 1 12 

11 

j°_Ll 1 

8 



BS 

p 



i 

m 

1 

j 

l 

B 





K 












I 

F 



1 

p p 

4 

P P 


1 


OUTPUT 2 OUTPUT 1 V + INPUT 1 - INPUT 1 + INPUT 2 - INPUT 2 + 

TOP VIEW 

TL/H/5226-2 

Order Number LP339M for S.O. Package 
See NS Package Number M14A 

Order Number LP339N for Dual-ln-Line Package 
See NS Package Number N14A 


Driving CMOS 


v + 



TL/H/5226-4 


5-88 



Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Input Current Vim < -0.3 Vdc (Note 3) 

50 mA 

please contact the National Semiconductor Sales Operating Temperature Range 

0°C to + 70°C 

Office/Distributors for availability and specifications. storage Temper ature Range 

-65° to +150°C 

Supply Voltage 

36 Vpc or ± 1 8 Vqc Soldering Information: 




Differential Input Voltage 

± 36 Vqc Dual-In-Line Package (1 0 sec.) 


+ 260°C 

Input Voltage 

—0.3 Vdc to 36 Vdc S.O. Package: 




Power Dissipation (Note 1 ) Molded DIP 570 mW Vapor Phase (60 sec.) 


+ 215°C 

Output Short Circuit to GND (Note 2) Continuous Infrared (1 5 sec.) 



+ 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 


face mount devices. 




Electrical Characteristics (v+=5v DC ,Note4) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C (Note 9) 


±2 

±5 

mV D c 

Input Bias Current 

I|n( + ) or Iin(-) with the 

Output in the Linear Range, T A = 25°C (Note 5) 


2.5 

25 

nAcc 

Input Offset Current 

I|n( + )“I|n( _ )> T a = 25°C 


±0.5 

±5 

nAcc 

Input Common 

Mode Voltage Range 

T a = 25°C (Note 6) 

0 


VH — 1.5 

Vdc 

Supply Current 

Rl = Infinite on all Comparators, T A = 25°C 


60 

100 

Mdc 

Voltage Gain 

Vo = i Vdc to 1 1 Vdc. 

R l = 1 5 kft, V + = 1 5 Vdc, T A = 25°C 


500 


V/mV 

Large Signal 

V|jvj = TTL Logic Swing, Vref = 1 -4 Vdc, 


1.3 


jaSec 

Response Time 

Vrl = 5V D c, Rl = 5.1 kft, T a = 25°C 



Response Time 

Vrl=5 Vdc, Rl= 5.1 kft, T A = 25°C (Note 7) 


8 


jaSec 

Output Sink Current 

V| N (-) = 1 Vdc, V| N ( + ) = 0 f Vo = 2V D c, 

T a = 25°C (Note 11) 

15 

30 


itiAdc 


V 0 =0.4 V DC 

0.20 

0.70 


mAcc 

Output Leakage Current 

V| N ( + ) = 1 Vdc, V| N ( - ) = 0, V 0 = 5 V DC , T a = 25°C 


0.1 


nAcc 

Input Offset Voltage 

(Note 9) 



±9 

itiVdc 

Input Offset Current 

| in(+)~Iin('“) 


±1 

±15 

nAcc 

Input Bias Current 

Iin( + ) or I|n(~) with Output in Linear Range 


4 

40 

nAoc 

Input Common 

Mode Voltage Range 

Single Supply 

0 


VH — 2.0 

Vdc 

Output Sink Current 

V| N ( - ) = 1 Vdc, V| N ( + ) = o, v 0 = 2 Vdc 

10 



mA D c 

Output Leakage Current 

V| N ( + ) = 1 Vdc, V| N (— )=o, v 0 = 30 Vdc 



1.0 

/^Adc 

Differential Input Voltage 

All V|n>s^0 Vdc (or V- on split supplies) (Note 8) 



36 

Vdc 

Note 1: For elevated temperature operation, Tj max is 125°C for the LP339. 0j a (junction to ambient) is 175°C/W for the LP339N and 120°C/W for the LP339M 
when either device is soldered in a printed circuit board in a still air environment. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the 

chip dissipation very small (Pq ^ 100 mW), provided the output transistors are allowed to saturate. 





Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 50 mA. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP 
transistors becoming forward biased and thereby acting as input clamp diodes. In addition to this diode action, there is also lateral NPN parasitic transistor action 
on the 1C chip. This transistor action can cause the output voltage of the comparators to go to the V+ voltage level (or to ground for a large input overdrive) for the 
time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which is negative, again 

returns to a value greater than -0.3 Vdc 0a=25 9 C). 





Note 4: These specifications apply for V+ =5 Vdc and 0 °C^Ta^ 70° C, unless otherwise stated. The temperature extremes are guaranteed but not 100% | 

production tested. These parameters are not used to calculate outgoing AQL. 





Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output, so | 

no loading change exists on the reference or the input lines as long as the common-mode range is not exceeded. 




Note 6: The input common-mode voltage or either input voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 

voltage range is V+ -1.5V (Ta = 25°C), but either or both inputs can go to 30 Vdc without damage. 





Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 1.3 ju,s can be obtained. See Typical Performance j 

Characteristics section. 
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Electrical Characteristics <v+ =5 v DC , Note 4) (continued) 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the 
comparator will provide a proper output state. The low input voltage state must not be less than -0.3 Vqc (or 0.3 Vdc below the magnitude of the negative power 
supply, if used) at Ta = 25°C. 

Note 9: At output switch point, Vo= 1-4V, Rs = 0fl with V+ from 5 Vqc: and over the full input common-mode range (0 Vdc to V+ -1.5 Vdc)- 

Note 10: For input signals that exceed V + , only the overdriven comparator is affected. With a 5V supply, Vin should be limited to 25 V maximum, and a limiting 

resistor should be used on all inputs that might exceed the positive supply. 

Note 1 1: The output sink current is a function of the output voltage. The LP339 has a bi-modal output section which allows it to sink large currents via a Darlington 
connection at output voltages greater than approximately 1 .5 Vqc and sink lower currents below this point. (See typical characteristics section and applications 
section). 


Typical Performance Characteristics 



0 10 20 30 40 

SUPPLY VOLTAGE (Vqc) 
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TL/H/5226-10 
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Application Hints 

All pins of any unused comparators should be grounded. 
The bias network of the LP339 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of from 2 Vdc to 30 Vdc- 
It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

The differential input voltage may be larger than V+ without 
damaging the device. Protection should be provided to pre- 
vent the input voltages from going negative more than —0.3 
Vdc ( at 25° C). An input clamp diode can be used as shown 
in the application section. 

The output section of the LP339 has two distinct modes of 
operation-a Darlington mode and a grounded emitter mode. 
This unique drive circuit permits the LP339 to sink 30 mA at 
Vo = 2 Vqc (Darlington mode) and 700 juA at Vo ==0.4 Vdc 
( grounded emitter mode). Figure 1 is a simplified schematic 
diagram of the LP339 output section. 



FIGURE 1 


Notice that the output section is configured in a Darlington 
connection (ignoring Q3). Therefore, if the output voltage is 
held high enough (Vo^ 1 Vdc). Q1 is not saturated and the 
output current is limited only by the product of the betas of 
Q1 , Q2 and II (and the 60fi Rsat of Q2). The LP339 is thus 
capable of driving LED’s, relays, etc. in this mode while 
maintaining an ultra-low power supply current of typically 
60 jllA. 

If transistor Q3 were omitted, and the output voltage al- 
lowed to drop below about 0.8 Vdc. transistor Q1 would 
saturate and the output current would drop to zero. The 
circuit would, therefore, be unable to ‘pull’ low current loads 
down to ground (or the negative supply, if used). Transistor 
Q3 has been included to bypass transistor Q1 under these 
conditions and apply the current II directly to the base of 
Q2. The output sink current is now approximately II times 
the beta of Q2 (700 juA at Vo = 0.4 Vdc)- The output of the 
LP339 exhibits a bi-modal characteristic with a smooth tran- 
sition between modes. (See Output Sink Current graphs in 
Typical Performance Characteristics section.) 

It is also important to note that in both cases the output is 
an uncommitted collector. Therefore, many collectors can 
be tied together to provide an output OR’ing function. An 
output pull-up resistor can be connected to any available 
power supply voltage within the permitted power supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V+ 
terminal of the LP339 package. 


Typical Applications <v+ = i5v DC ) 


One-Shot Multivibrator 


v+ 


v + 

0 


+ V|N 



TL/H/5226-13 
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Typical Applications (Continued) (V+ = 15V dc ) 


Squarewave Oscillator 


Pulse Generator 



vc v XLT 



1/4LP339^— V 0 


Three Level Audio Peak Indicator 


Bi-Stable Multivibrator 



S3 

In3 


■»' o_n_ 


Relay Driver 




12V (10 mA) 

RELAY 

COIL 



Typical Applications (Continued) (Single Supply) 


Buzzer Driver 



Comparator With 60 mA Sink Capability 



Non-Inverting Comparator with Hysteresis 


Inverting Comparator with Hysteresis 


v+ v+ 




Comparing Input Voltages 
of Opposite Polarity 



Basic Comparator 


v + 



Output Strobing 


v + 



TL/H/5226-28 





Typical Applications (Continued) (Single Supply) 


MAGNETIC 

PICKUP 


T ransducer Amplifier Zero Crossing Detector (Single Power Supply) 

v + v + 




Split-Supply Applications 
Zero Crossing Detector 


v+ 



TL/H/5226-33 


Comparator With a Negative Reference 


v + 
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National 

Semiconductor 


Instrumentation Amplifiers 
Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 A/2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. % harmonic distortion = 

(V22 + V32 + V42 + . . .)1/2 (100%) 


where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range: The range of volt- 
ages on the input terminals for which the amplifier is opera- 
tional. Note that the specifications are not guaranteed over 
the full common-mode voltage range unless specifically 
stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (R[_). 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (R|_). 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (R|_). 
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Instrumentation Amplifiers Selection Guide 



National 

Semiconductor 


Instrumentation Amplifiers 
Selection Guide 


Part Number 

Gain Error (Max) 

| Gain Linearity (Typ) | 

CMRR dB (Min) 

l B nA (Max) 

T a = 25°C 

LH0036 /x Power 

1% 

0.03% 

72 

100 

LH0038 

0.3% 

0.0001 % 

94 

100 

LH0084 

0.1% 

0.002% 

76 

0.500 

LM363 

2.5% 

0.01% 

90 

10 


Note 1: Datasheet should be referred to for test conditions and more detailed information. 
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National 

Semiconductor 


LH0036/LH0036C Instrumentation Amplifier 


General Description 

The LH0036/LH0036C is a true micro power instrumenta- 
tion amplifier designed for precision differential signal pro- 
cessing. Extremely high accuracy can be obtained due to 
the 300 Mft input impedance and excellent 1 00 dB common 
mode rejection ratio. It is packaged in a hermetic TO-8 
package. Gain is programmable from 1 to 1 000 with a single 
external resistor. Power supply operating range is between 
±1V and ±18V. Input bias current and output bandwidth 
are both externally adjustable or can be set by internally set 
values. The LH0036 is specified for operation over the 
— 55°C to + 1 25°C temperature range and the LH0036C is 
specified for operation over the -25°C to +85°C tempera- 
ture range. 


Features 

■ High input impedance 300 Mfl 

■ High CMRR 100 dB 

■ Single resistor gain adjust 1 to 1000 

■ Low power 90 /xW 

■ Wide supply range ±1V to ±18V 

■ Adjustable input bias current 

■ Adjustable output bandwidth 

■ Guard drive output 


Equivalent Circuit and Connection Diagrams 


INPUT GUARD 

BIAS DRIVE BANDWIDTH 

ADJUST OUTPUT CONTROL V + V" 



GUARD DRIVE 

OUTPUT BANDWIDTH 



TOP VIEW 

Order Number LH0036G or LH0036CG 
See NS Package Number G12B 


TL/H/5545-1 
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LH0036/LH0036C 




LH0036/LH0036C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 5) 

Supply Voltage ± 1 8V 

Differential Input Voltage ± 30V 

Input Voltage Range ± Vs 

Shield Drive Voltage ± Vs 

CM RR Preset Voltage ±Vs 


CMMR Trim Voltage ±Vs 

Power Dissipation (Note 3) 1 .5W 

Short Circuit Duration Continuous 

Operating Temperature Range 
LH0036 — 55°C to + 125°C 

LH0036C - 25°C to + 85°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

ESD rating to be determined. 


Electrical Characteristics (Notes 1 and 2) 


Parameter 

Conditions 

Limits 

Units 

LH00336 

LH0036C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

R s = 1.0kn,T A = 25°C 


0.5 

1.0 


1.0 

2.0 

mV 

(Vios) 

R s = 1.0 kn 



2.0 



3.0 

mV 

Output Offset Voltage 

R s = 1.0 kft, T a = 25°C 


2.0 

5.0 


5.0 

10 

mV 

(Voos) 

R s = 1.0 kH 



6.0 



12 

mV 

Input Offset Voltage 

Rs ^ 1.0 kfl 


10 



10 


/xV/°C 

Tempco (AViqs/AT) 









Output Offset Voltage 



15 



15 


juV/°C 

Tempco (AVqos/AT) 









Overall Offset Referred 

A v = 1.0 


2.5 



6.0 


mV 

to Input (Vos) 

A v = 10 


0.7 



1.5 


mV 


A v = 100 


0.52 



1.05 


mV 


A v = 1000 


0.502 



1.005 


mV 

Input Bias Current 

T a = 25°C 


40 

100 


50 

125 

nA 

Ob) 




150 



200 

nA 

Input Offset Current 

T a = 25° C 


10 

40 


20 

50 

nA 

(•os) 




80 



100 

nA 

Input Voltage Range 

Differential 

±10 

±12 


±10 

±12 


V 


Common Mode 

±10 

±12 


±10 

±12 


V 

Gain Nonlinearity 



0.03 



0.03 


% 

Deviation From Gain 
Equation Formula 

A v = 1 to 1000 (Note 4) 


±0.3 

±1.0 



±1.0 

±3.0 

% 
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Electrical Characteristics (Notes 1 and 2) (Continued) 


Parameter 

Conditions 

LH00336 | 

LH0036C | 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


PSRR 

+ 5.0V ^ V s ^ ± 1 5V, Ay = 1.0 


1.0 

2.5 


1.0 

5.0 

mV/V 


±5.ov <; v s <; ±i5V, a v = 100 


0.05 

0.25 


0.10 

0.50 

mV/V 

CMRR 

Ay =1.0 DC to 


1.0 

2.5 


2.5 

5.0 

mV/V 


Ay =10 100 Hz 


0.1 

0.25 


0.25 

0.50 

mV/V 


Ay =100 AR s =1.0k 


50 

100 


50 

100 

jLLV/V 

Output Voltage 

V s = ± 15V, R L = 10 kn 

±10 

±13.5 


±10 

±13.5 


V 


V s = ± 1.5V, Rl = 100 kn 

±0.6 

±0.8 


±0.6 

±0.8 


V 

Output Resistance 



0.5 



0.5 


n 

Supply Current 



300 

400 


400 

600 

juA 

Small Signal Bandwidth 

Ay = 1.0, R l = 10 kn 


350 



350 


kHz 


Ay = 10, R|_ = 10 kn 


35 



35 


kHz 


Ay = 100, R|_ — 10 kn 


3.5 



3.5 


kHz 


Ay = 1000, R l = 10 kn 


350 



350 


Hz 

Full Power Bandwidth 

V|M = ±10V, R l = 10k, Ay = 1 


5.0 



5.0 


kHz 

Equivalent Input Noise 
Voltage 

0.1 Hz < f < 10 kHz, 

R s < 50n 


20 



20 


/xV/p-p 

Slew Rate 

AV in = ±10V, 

R l = 10 kn, Ay = 1.0 


0.3 



0.3 


V/fxS 


Settling Time To ±10 mV, R|_ = 10 kn, 

AVqut = 1 -0V 
A v = 1.0 

Ay = 100 

Note 1: Unless otherwise specified, all specifications apply for Vs= ±15V, Pins 1, 3, and 9 c 
for the LH0036. 

Note 2: All typical values are for Ta = 25°C. 

Note 3: The maximum junction temperature is 150°C. For operation at elevated temperature d 
Note 4: Av = 1 000 guaranteed by design and testing at Ay = 1 00. 

Note 5: Refer to RETS0036G for LH0036G military specifications. 


, — 25°C to +85°C for the LH0036C and -55°C to + 125°C 


3 package on a thermal resistance of 90°C/W, above 25°C. 


LH0036/LH0036C 



LH0036/LH0036C 


Typical Performance Characteristics 


Supply Current vs 
Temperature 


Supply Current vs 
Supply Voltage 

; Ta = 25°C ' T T " = 
- PINS 1,3, & 9 GROUNDED — 


55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


0 2.0 4.0 6.0 8.0 10 12 14 16 
SUPPLY VOLTAGE (±V) 


Output Voltage Swing vs 
Supply Voltage 



♦2.0 ±6.0 ±10 ±14 

SUPPLY VOLTAGE (V) 


Peak to Peak Output 
Voltage Swing vs R|_ 


I piiii 

hiii 


llllll 

Ili! 

liillll 

iiiiiii 


LOAD RESISTANCE (12) 


Total Input Noise Voltage* 
vs Frequency 


■IIIIIIIIB 

minium 

OB 

minium 


i ■iiiiiiii 
i ■iiiiiiii 
i ■11111111 
i ■iiiiiiii 

asB!!)!!! 

■ ■■iiiiii 

O 

■Hifllf 

•!!!!!«illllll 

lllllBilillHlI 


Closed Loop Voltage 
Gain vs Frequency 


LR g = 501214 V s » 
Pm ini i i R = . 

t nviti m m l 


|R g = 50012 xJi . pins 


Closed Loop Voltage Gain CMRR vs Frequency 


■■■II 

lllll 




■llllll I 


IIIHIMIIIIIIH 


mini 


K'lllll 


BliSSi 

HIM 

■11111 

■llllll■llllll■lll 

■IIIIIII 

■uiiiiiiHiiiiiiinii 

■ti'l 

■IIIIHIIIIIIHIII 

■1111111 

! in 

■BBS 

■IIIIIII 

■iiiiiii 

■I III! 


■■ IIIIIII 


^HHIII 


ill 

mu 

mu 

mil 

mi 


FREQUENCY (Hz) 

‘Noise voltage includes contribution from source resistance 


Common Mode Voltage vs 
Supply Voltage 


PINS 1. 3. & 9 GROUNDED 

I I I I 


Vs = i15V_] 


jHimiiil 

■MWIII 

MW 


■ami 

tllll III 


mini 

will 

■Mil 





Typical Applications 

Pre MUX Signal Conditioning 



Isolation Amplifier for Medical Telemetry 



Thermocouple Amplifier with Cold Junction Compensation 



Process Control Interface 



High Pass Filter 
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LH0036/LH0036C 


Applications Information 

THEORY OF OPERATION 



The LH0036 is a 2 stage amplifier with a high input imped- 
ance gain stage comprised of A-| and A2 and a differential to 
single-ended unity gain stage, A3. Operational amplifier, A-|, 
receives differential input signal, e-|, and amplifies it by a 
factor equal to (R1 + R G )/R G . 

Ai also receives input e2 via A2 and R2. e2 is seen as an 
inverting signal with a gain of R1/R G . A-i also receives the 
common mode signal ecM and processes it with a gain of 
+ 1 . 

Hence: 


Vi = 


R1 + R G 
Rg 


e i ~ 


FU 

Rg 


©2 + e CM 


(1) 


By similar analysis V2 is seen to be: 

w _ R2 + R g R2 
V 2 = — 


(2) 


For R1 = R2: 


V2 “ Vl = [© + 1 ] (e2 “ ei) 


(3) 


typically 0.3V/juS and small signal bandwidth 350 kHz for 
a vcl =1 - ,n some applications, particularly at low frequen- 
cy, it may be desirable to limit bandwidth in order to mini- 
mize the overall noise bandwidth of the device. A resistor 
Rbw may be placed between pin 1 and ground to accom- 
plish this purpose. Figure 2 shows typical small signal band- 
width versus Rbw* 



R B w - RESISTANCE FROM PIN 1 TO GROUND (<>) 

TL/H/5545-5 

FIGURE 2. Bandwidth vs Rbw 

It also should be noted that large signal bandwidth and slew 
rate may be adjusted down by use of Rbw* Figure 3 is plot 
of slew rate versus Rbw* 



Rbw ~ RESISTANCE FROM PIN 1 TO GROUND ('>} 

TL/H/5545-6 

FIGURE 3. Output Slew Rate vs Rbw 
CMRR CONSIDERATIONS 


Also, for R3 = R5 = R4 =R6, the gain of A3=1, and: 

e 0 = (1)(V 2 -V 1 ) = (e 2 -ei)[l + (4) 

As can be seen for identically matched resistors, e G M is 
cancelled out, and the differential gain is dictated by equa- 
tion (4). 

For the LH0036, equation (4) reduces to: 


, _ e o _ . , 50k 

Avcl - — - 1 + -5— 

e 2 — Rg 


(5a) 


The closed loop gain may be set to any value from 1 
(Rq = 00 ) to 1000 (R G = 50fi). Equation (5a) re-arranged in 
more convenient form may be used to select R G for a de- 
sired gain: 


Rg = 


50k 

A V cl - 1 


(5b) 


USE OF BANDWIDTH CONTROL (pin 1) 

In the standard configuration, pin 1 of the LH0036 is simply 
grounded. The amplifier’s slew rate in this configuration is 


Use of Pin 9, CMRR Preset 

Pin 9 should be grounded for nominal operation. An internal 
factory trimmed resistor, R6, will yield a CMRR in excess of 
80 dB (for Avcl =100). Should a higher CMRR be desired, 
pin 9 should be left open and the procedure, in this section 
followed. 

DC Off-set Voltage and Common Mode Rejection Ad- 
justments 

Off-set may be nulled using the circuit shown in Figure 4. 


v* 



FIGURE 4. Vos Adjustment Circuit 


6-10 




Applications Information (Continued) 

Pin 8 is also used to improve the common mode rejection 
ratio as shown in Figure 5. Null is achieved by alternately 
applying ±10V (for V+ & V - = 15V) to the inputs and ad- 
justing R1 for minimum change at the output. 


♦ 15V 



TL/H/5545-8 

FIGURE 5. CMRR Adjustment Circuit 


The circuits of Figure 4 and 5 may be combined as shown in 
Figure 6 to accomplish both Vos and CMRR null. However, 
the Vos an d CMRR adjustment are interactive and several 
iterations are required. The procedure for null should start 
with the inputs grounded. 

♦ 15V 



-15V 

TL/H/5545-10 

FIGURE 6. Combined CMRR, Vos Adjustment Circuit 

R2 is adjusted for Vqs null. An input of + 1 0V is then ap- 
plied and R1 is adjusted for CMRR null. The procedure is 
then repeated until the optimum is achieved. 

A circuit which overcomes adjustment interaction is shown 
in Figure 7. In this case, R2 is adjusted first for output null of 
the LH0036. R1 is then adjusted for output null with +10V 
input. It is always a good idea to check CMRR null with a 
— 10V input. The optimum null achievable will yield the high- 
est CMRR over the amplifiers common mode range. 


♦15V 



TL/H/5545-1 1 

‘Note: Nominal value R1 to Achieve Optimum CMRR is 3.0 kfl 

FIGURE 7. Improved V 0 s, CMRR Nulling Circuit 


AC CMRR Considerations 

The ac CMRR may be improved using the circuit of Figure 8. 

♦15V 



TL/H/5545-9 

FIGURE 8. Improved AC CMRR Circuit 

After adjusting R1 for best dc CMRR as before, R2 should 
be adjusted for minimum peak-to-peak voltage at the output 
while applying an ac common mode signal of the maximum 
amplitude and frequency of interest. 

INPUT BIAS CURRENT CONTROL 

Under nominal operating conditions (pin 3 grounded), the 
LH0036 requires input currents of 40 nA. The input current 
may be reduced by inserting a resistor (Re) between 3 and 
ground or, alternatively, between 3 and V - . For Rb returned 
to ground, the input bias current may be predicted by: 


•bias ? 


V+ - 0.5 


4 X 108 + 800 R b 


Rb = 


V+ - 0.5 - (4 X 1Q8) (Ibias) 


800 Ibias 


Where: 


(6a) 


(6b) 


Ibias = Input Bias Current (nA) 

R b = External Resistor connected between 
pin 3 and ground (Ohms) 

V+ = Positive Supply Voltage (Volts) 

Figure 9 is a plot of input bias current versus R B . 

10Q 


10 

j 

1.0 


0.1 

10k 100k 1.0M 10M 100M 

R„ - RESISTANCE FROM PIN 3 TO GR0UN0 (Si) 



TL/H/5545-1 2 

FIGURE 9. Input Bias Current as a Function of Rb 


As indicated above, R B may be returned to the negative 
supply voltage. Input bias current may then be predicted by: 


•bias s 


(V+ - V-) ~ 0.5 
4 X 108 + 800 R b 
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LH0036/LH0036C 


Applications Information (Continued) 


or 


R B ^ 


(V+ ~ V~) ~ 0-5 ~ (4 X 1Q8)(1 B |AS) 
800 Ibias 


( 8 ) 


Where: 


Ibias = Input Bias Current (nA) 

Rb = External resistor connected between 
pin 3 and V" (Ohms) 

V+ = Positive Supply Voltage (Volts) 

V~ = Negative Supply Voltage (Volts) 


1 

J 



R b - RESISTANCE FROM PIN 3 V - ('>) 

TL/H/5545-13 

FIGURE 10. Input Bias Current as a Function of Rb 

Figure 10 is a plot of input bias current versus Rb returned 
to V~ it should be noted that bandwidth is affected by 
changes in Rb- Figure 11 is a plot of bandwidth versus Rb- 



R b - RESISTANCE FROM PIN 3 TO GROUND (<>) 


TL/H/5545-14 

FIGURE 11. Unity Gain Bandwidth as a Function of Rb 


BIAS CURRENT RETURN 
PATH CONSIDERATIONS 

The LH0036 exhibits input bias currents typically in the 40 
nA region in each input. This current must flow through Riso 
as shown in Figure 12. 



In a typical application, Vs= ±15V, Ibi = Ib 2— 40 nA, the 
total current, lj, would flow through Riso causing a voltage 
rise at point A. For values of Riso^ 150 Mft, the voltage at 
point A exceeds the +12V common range of the device. 
Clearly, for R|so = 00 > the LH0036 would be driven to posi- 
tive saturation. 

The implication is that a finite impedance must be supplied 
between the input and power supply ground. The value of 
the resistor is dictated by the maximum input bias current, 
and the common mode voltage. Under worst case condi- 
tions: 

n ^ V CMR - V C M 

R IS0 ^ j (9) 

It 


Where: 

Vcmr = Common Mode Range (10V for 
the LH0036) 

V CM = Common Mode Voltage 
It = Ibi + >B2 

In applications in which the signal source is floating, 
such as a thermocouple, one end of the source may be 
grounded directly or through a resistor. 

GUARD OUTPUT 

Pin 2 of the LH0036 is provided as a guard drive pin in those 
stringent applications which require very low leakage and 
minimum input capacitance. Pin 2 will always be biased at 
the input common mode voltage. The source impedance 
looking into pin 2 is approximately 15 kSl. Proper use of the 
guard/shield pin is shown in Figure 13. 

♦15V 



For applications requiring a lower source impedance than 
15 kft, a unity gain buffer, such as the LH0002 may be 
inserted between pin 2 and the input shields as shown in 
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Definition of Terms 


Bandwidth: The frequency at which the voltage gain is re- 
duced to 0.707 of the low frequency (dc) value. 


Voos : 


= v os 


I A VCL=1 


Closed Loop Gain, Avcl : The ratio of the output voltage 
swing to the input voltage swing determined by Avcl = 1 + 
(50k/RQ). Where: Rq = Gain Set Resistor. 


Overall Offset Voltage: 


Vos = V|0S + 


Voos 

a vcl 



A VCL=1000 


Common Mode Rejection Ratio: The ratio of input voltage 
range to the peak-to-peak change in offset voltage over this 
range. 


Power Supply Rejection Ratio: The ratio of the change in 
offset voltage, Vos. to the change in supply voltage produc- 
ing it. 


Gain Equation Accuracy: The deviation of the actual 
closed loop gain from the predicted closed loop gain, Avcl 
= 1 + (50k/RQ) for the specified closed loop gain. 


Resistor, Rb: An optional resistor placed between pin 3 of 
the LH0036 and ground (or V - ) to reduce the input bias 
current. 


Input Bias Current: The current flowing at pin 5 and 6 un- 
der the specified operating conditions. 

Input Offset Current: The difference between the input 
bias current at pins 5 and 6; i.e. Iqs = II5 — lei- 

Input Stage Offset Voltage, V|qs: The voltage which must 
be applied to the input pins to force the output to zero volts 
for Avcl =10 °- 

Output Stage Offset Voltage, Vqos : The voltage which 
must be applied to the input of the output stage to produce 
zero output voltage. It can be measured by measuring the 
overall offset at unity gain and subtracting V|qs- 


Resistor, Rbw : An optional resistor placed between pin 1 
of the LH0036 and ground (or V~) to reduce the bandwidth 
of the output stage. 

Resistor, Rq: A gain setting resistor connected between 
pins 4 and 7 of the LH0036 in order to program the gain 
from 1 to 1000. 

Settling Time: The time between the initiation of an input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 
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National 

Semiconductor 


LH0038/LH0038C True Instrumentation Amplifier 


General Description 

The LH0038/LH0038C is a precision true instrumentation 
amplifier (TIA) capable of amplifying very low level signals, 
such as thermocouple and low impedance strain gauge out- 
puts. Precision thin film gain setting resistors are included in 
the package to allow the user to set the closed-loop gain 
from 1 00 to 2000. Since the resistors are of a homogeneous 
single chip construction, they track almost perfectly so that 
temperature variations of closed loop gain are virtually elimi- 
nated. 

LH0038 exhibits excellent CMRR, PSRR, gain linearity, as 
well as extremely low input offset voltage, offset voltage 
drift and input noise voltage. 


The devices are provided in a hermetically sealed 16-lead 
DIP. The LH0038 is guaranteed from -55°C to +125°C; 
whereas the LH0038C is guaranteed from -25°C to 
+ 85°C. 

Features 

■ Ultra-low input offset voltage 25 ju,V typ., 100 /LtV max 

■ Ultra-low input offset drift 0.25 /utV/°C max 

■ Ultra-low input noise 0.2 jLiVp-p 

■ Pin strap gain options 100, 200, 400, 500, Ik, 2k 

■ Excellent PSRR and CMRR 120 dB 


Simplified Schematic Diagram 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

(Note 4) 

Supply Voltage ±18V 

Differential Input Voltage (Note 1 ) ± 1 V 

Input Voltage ±Vs 

Power Dissipation (Note 3) 500 mW 

Short Circuit Duration Continuous 

Operating Temperature Range 

LH0038 — 55°C to + 125°C 

LH0038C — 25°C to + 85°C 

Storage T emperature - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

ESD rating to be determined. 

DC Electrical Characteristics (Note 2) 










Symbol 

Parameter 




LH0038 

LH0038C 

Units 

conditions 


Min 

Typ 

Max 

Min 

Typ 

Max 

V|OS 

Input Offset Voltage 

Rg = 50fl 

Ta = 

25° C 


25 

100 


30 

150 

pV 



V C M = 0V 





125 



220 

AV, 0S /AT 

Input Offset Voltage 
Tempco 





0.1 

0.25 


0.2 

1.0 

julV/°C 

v OOS 

Output Offset Voltage 


Ta = 

25°C 


3 

10 


5 

25 

mV 








15 



30 

AVqos/AT 

Output Offset Voltage 
Tempco 





25 



25 


jaV/°C 

>B 

Input Bias Current 


Ta = 

25°C 


50 

100 


50 

100 








200 



200 

nA 

•os 

Input Offset Current 


Ta = 

25°C 


2 

5 


7 

10 








8 



15 


ai b /at 

Input Bias Current 
Tempco 





500 



500 


pA/°C 

Avcl 

Closed Loop Gain 

Gain Pins Jumpered 










None 


100 



100 





6-10 


200 



200 





6-9, 10-5 


400 



400 


V/V 



6-10, 5-9 


500 



500 





7-10 


1000 



1000 





8-10 


2000 



2000 




Closed Loop Gain 

Avcl = 100,200 


0.1 

0.3 


0.1 

0.4 



Error 

Avcl = 400, 500 


0.2 

0.3 


0.2 

0.6 

% 



Avcl ~ 1000 


0.3 

0.5 


0.5 

1.0 



Avcl ~ 2000 


1.0 

2.0 


1.5 

3.0 



Gain Temperature 
Coefficient 

Avcl = 1 k 


7 



7 


ppm/°C 


Gain Nonlinearity 

1 00 ^ a V cl ^ 2k 


1 



1 


ppm 

V INCM 

Common-Mode Input 
Voltage Range 


±10 

±12 


±10 

±12 



v 0 

Output Voltage 

R L 10 ka 

±10 

±12 


±10 

±12 


V 

v s 

Supply Voltage Range 


±5 


±18 

±5 


±18 



Guard Voltage Error 

-10V < V C m < +10V 


±10 

±100 


±10 

±100 

mV 

CMRR 

Common-Mode 

V| N = +10V 

Avcl 

= 100 

94 

110 


86 

110 




Rejection Ratio 


Avcl 

= 1000 

114 

120 


106 

110 


dB 

PSRR 

Power Supply 

±5V < AVg < ± 15V 

Avcl 

= 100 

94 

110 


94 

110 



Rejection Ratio 


Avcl 

= 1000 

110 

120 


100 

110 



1 
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DC Electrical Characteristics (Note 2 ) (Continued) 


Symbol 

Parameter 

Conditions 

LH0038 

LH0038C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

•osc 

Output Short 

Circuit Current 

T a = 25°C 

±2 

±5 

±10 

±2 

±5 

±10 

mA 

•s 

Supply Current 

T a = 25°C 


1.6 

2.0 


1.6 

3.0 

R| N diff 

Input Resistance 

A V cl = 1000,T A = 25°C 


5 



5 


Ma 

Rin cm 

Common-Mode Input 
Resistance 


1 



1 


Ga 

Rout 

Output Resistance 


1 



1 


ma 


AC Electrical Characteristics v s = ±i 5 v,t a = 25 c 


Symbol 

Parameter 

Comment 

Conditions 

Typ 

Units 

e n 

Equivalent Input Noise Voltage 

Figure 1 

R s = 0, f = 0.1 to 10Hz 

0.2 

/xVp-p 


Equivalent Input Spot Noise 
Voltage 

Figure 1 

R s = 100 a 

f = 10 Hz 

6.5 

nV/VHz 

f = 100 Hz 

6.0 

f = 1 kHz 

6.0 

f = 10 kHz 

6.0 

BW 

Large Signal Bandwidth 


V 0U T= ± 10V 


1.6 

kHz 

S r 

Slew Rate 


VoUT — ± 1 0V 


0.3 

V/jus 

*s 

Settling Time to 0.01 % 

Figure 13 


20 V Step 

120 






-10V Step 

80 

JUS 





+ 10V Step 

60 


tr 

Rise Time 


AVqut 

a vcl = 100 

6 

JUS 





Avcl = 1000 

13 

in 

Equivalent Input Spot 

Noise Current 


R s =100Ma 

f = 10 Hz 

0.1 

pA/>/Hz 


Note 1: The inputs are protected by diodes for overvoltage protection. Excessive currents will flow for differential voltages in excess of ± 1 V. Input current should 
be limited to less than 1 0 mA. 

Note 2: Unless otherwise noted these specifications apply for Vs = ± 15.0V, pin 15 connected to pin 1, pin 16 connected to ground, over the temperature range 
— 55°C to + 125°C for the LH0038 and — 25°C to +85°C for LH0038C. = Tj unless otherwise specified. 

Note 3: See Typical Performance Characteristics for Thermal Resistance Information. 

Note 4: Refer to RETS0038D for LH0038D military specifications. 


Connection Diagram 


Dual-In-Line Package 



-GROUND SENSE 
-OUTPUT SENSE 
-V~ 

-INV. INPUT 
-NON. INV. INPUT 
-GUARD, CASE* 

- E~ 


Top View 

*Guard output is connected to the case. 

Order Number LH0038 or LH0038CD 
See NS Package Number D16D 


6-16 




Typical Performance Characteristics 




-15 -10 -5 0 5 10 15 

COMMON MODE INPUT VOLTAGE (V) 



0 5 10 15 20 

SUPPLY VOLTAGE (iV D c> 


Closed Loop Frequency 


Response 



Common-Mode Rejection 



10 100 Ik 10k 100k 


Power Supply Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Input Noise Voltage 
(Includes Source Impedance) 

14 
12 
10 
8 
6 
4 
2 
0 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


-J 

V 

-R 

T 

ii mill 1 TT 

s ::^ v il 



s 

A = 

25 C 























~ 






Output Swing 



0 2 4 6 8 

OUTPUT CURRENT ('mA) 


Wide Band Noise 



TL/H/5543-4 


V s = ± 15V, R s = 1 kn, A v = 10k, DUT = Ik 
Vertical sensitivity: 0.1 ju.V/CM 
Horizontal sensitivity: 5 s/CM 
Bandwidth: 0.1 Hz to 10 Hz 


Pulse Response 



TL/H/5543-5 


V S = ±15V 
R l ^ 10 kn 
A V cl = Ik 


Supply Current 



TL/H/5543-3 


Rise Time 



TL/H/5543-6 


V S = ± 15V 

r l ;> iokn 

Avcl = 1 k 
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Noise Test Circuit 

X Ik X10 


TEKTRONIX 7623 



TL/H/5543-7 

FIGURE 1 


Typical Application 



Applications Information 

THEORY OF OPERATION 

The LH0038 is a 3-stage, true instrumentation amplifier 
composed of a well matched transistor differential pair, Q1 
and Q2, a common-mode loop amplifier, A2 and A3, and a 
differential to single ended amplifier, A4. A simplified sche- 
matic is shown in Figure 3. 

Current source, I a, establishes a voltage across R14 of ap- 
proximately 2V, which results in a 2 V drop across R8 and 
R12. This constant voltage forces the first stage current to 


be 20 juA per side. The action of A2 and A3 is such that 
20 juA is maintained constant despite the presence of com- 
mon-mode signals. The differential outputs of A2 and A3 are 
applied to differential amplifier, A4, which converts the sig- 
nal to a single-ended output and provides gain of 5. The 
total gain of the amplifier is, therefore, the fixed gain of 5 
multiplied by the gain of the composite input stage. 
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Applications Information (Continued) 


v + 



vl 


= e1 f 


The closed loop gain of the composite amplifier may be 
better understood by referring to Figure 3. The Q1 -A2 loop 
may be viewed as differential amplifier with the inverting 
input at the base and non-inverting input at the emitter. 
Combining small signal AC and large signal DC analysis = 
^ R17 + R e 
Re 

+ Ecm ~ Vbei - HR17 
By similar analysis: 

^ R16 + R e 
^ Re 
+ Ecm - Vbe2 - ^R"^ 

For li = l 2 , R17 = R16, Vbei — V BE2. subtracting equa- 
tion (1) from (2) results in: 

/R16 + R e \ 

' V R e / 


v2 = e2 


■)--© 
;i -HR17 

')-<£) 


(D 


(2) 


v2 - vl. = (e2 - el) 


+ (e2 


->(© 


v2 - vl 


■ r e - 
2 R16 


• + 1 


( 3 ) 


( 4 ) 


e2 - el R e 
T he differential input voltage (v2 — vl) is amplified by the 
closed loop gain of A4: 

e OUT = ( a VCL4) ( e2 - el) (5) 

where: 

R20 


a VCL4 : 


R8 


■ = 5.00 


A V cl = 5 



(6) 


As an example, with all gain pins open, R E = 10.525 kft, 
and; 


Avcl = 5 


^ (2) (100k) [ ^ = 


100.0 


( 7 ) 


All other closed loop gain configurations place a precision 
resistor in parallel with R E (R9 + R10). For example, for a 
gain of 200, pin 6 is connected to pin 10 and the gain is 
predicted by: 


Avcl = 5 -°° 


(2) (100k) 


(10.526) || (10.000k) 
= (5.00) (40) = 200 


■+ 1 


(8) 


CLOSED LOOP GAIN CONSIDERATIONS 
USING INTERNAL RESISTORS 

Table 1 summarizes the primary gain configurations avail- 
able with the LH0038. Obviously, other gains are possible. 
Using the internally supplied resistors has the advantage 
that R16, R17, and R E all track thermally, minimizing the 
device’s gain error as a function of temperature. 

Gain adjustment by paralleling or series padding internally 
supplied resistors is generally discouraged since external 
resistors will generally not thermally track. It is recommend- 
ed that the gain adjustment be done in a subsequent stage 
as shown in Figure 4. 
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Applications Information (Continued) 


X 1000 
15V 



FIGURE 4. Recommended Gain Adjust Circuit 


TL/H/5543-10 


TABLE I. LH0038 Internal Gain Configurations 


Overall 

Gain 

First 

Stage 

Gain 

Pin 

Configuration 

Effective 

Re 

100 

20 

All Gain Pins Open 

10.5260 k H 

200 

40 

Pin 6 to Pin 10 

5.1281 kH 

400 

80 

Pin 6 to Pin 9, Pin 1 0 to Pin 5 

2.5316 kH 

500 

100 

Pin 6 to Pin 1 0, Pin 9 to Pin 5 

2.0202 k Ct 

1000 

200 

Pin 7 to Pin 10 

1.0050 m 

2000 

400 

Pin 8 to Pin 10 

0.5013 kH 


GUARD DRIVE 

The LH0038 is provided with a guard drive output, which will 
always be at the input common-mode voltage. The guard 


drive amplifier is short-circuit proof and is capable of driving 
several thousand pF without danger of latch-up or oscilla- 
tion. 

The guard drive tied to a shielded input cable will greatly 
reduce noise pick-up, and also improve AC CMRR by main- 
taining the shield at the common-mode voltage. Figure 5 
illustrates the proper use of the guard drive. The guard drive 
output is also connected to the case to provide electrostatic 
shielding to the system. 

REMOTE OUTPUT SENSE 

The feedback network of the LH0038 may be closed directly 
at the load in order to eliminate errors due to lead resist- 
ance. Also, a unity gain buffer; e.g. LH0002, may be includ- 
ed within the feedback loop to increase output current capa- 
bility as shown in Figure 7. 
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Applications Information (Continued) 

15V 



TL/H/5543-12 



OFFSET NULL 

Offset of the LH0038 is trimmed by the factory to a very low 
value. The offset may be further trimmed using a 10 kft, 10 
turn, 100 ppm/°C potentiometer as shown in Figure 8. How- 
ever, a drift increase of 0.3 /xV/° C will be caused for each 
100 jllV of offset adjusted. The recommended offset null is 
shown in Figure 4 and is accomplished in the following 
stage. 

BIAS CURRENT CONSIDERATIONS 

The LH0038 exhibits bias current of approximately 50 nA 
per side, and requires a path to ground or supply. The prac- 
tical limitation to the maximum resistance between the in- 
puts and ground is dictated by negative common-mode 
range as shown in Figure 9. For example, for Vcm = -10V, 
Rcm ^ 20 Mfl. 

The LH0038 input stage bias was optimized for minimum 
voltage noise so the input bias currents are higher than 
might otherwise be expected. Note, however, that the input 
currents are very well matched, resulting in an offset current 
value much lower than one might infer from the bias current. 
In order to take advantage of this low offset current, the 
source impedances at both inputs should be matched to 
minimize DC drift. Further, bias current is relatively constant 
with temperature (as opposed to an FET stage), so one can 
consider bias current compensation schemes such as 
shown in Figure 10. The danger with such techniques is that 
the offset current and noise contributed by the bias current 
compensator will dominate the system noise. 



Vout 


TL/H/5543-14 


FIGURE 8. Offset Adjust Circuit 
(See also Figure 4 ) 


15V 
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Applications Information (Continued) 


15V 



-15V 


FIGURE 10. Bias Current Compensation 


TL/H/5543-16 


SETTLING TIME 

The LH0038 has been purposely over-compensated, and is 
therefore remarkably free from any undesirable transient re- 
sponse. Small signal settling time is governed by gain-band- 
width product; large signal settling time is dominated by 
slew rate. 

Figure 11 shows an input voltage step of + 10V to -10V 
applied, through a 1000 to 1 voltage divider, to the device 
configured for an inverting gain of 1000. The output of the 
device will therefore be equal to the negative of the input 
after the device is completely settled. By resistively sub- 
tracting the input before the divider from the device output, 
a pseudo summing node is generated. The voltage at this 
pseudo summing junction goes “off screen” on the photos, 
since in the first small time increment the input goes instan- 
taneously to -10 mV and the output is still at -I- 10V. About 
130 juts after the input has gone negative, the output slews 
back in range and begins an exponential approach to the 
final value. Figure 12 is the same set-up for a -10V to 
+ 1 0V input pulse. Note that there is no overshoot in either 
case. The test circuit is shown in Figure 13. 

HIGH FREQUENCY CMRR 

The LH0038 resistor ratios are carefully trimmed for opti- 
mum CMRR at DC through 60 Hz. Inevitably, this rejection 
will degrade at higher frequencies due to 2 separate effects: 
stray capacitance mismatch and slew rate limiting in the in- 


put stage. In most discrete instrumentation amplifier realiza- 
tions, the stray capacitance mismatch dominates simply be- 
cause the stray capacitances are relatively large (this can 
be trimmed out in a discrete amplifier). In a hybrid circuit 
such as the LH0038, stray capacitance is minimized, so the 
effects of mismatch are also minimized. 

The response to a pulse or noise spike applied as a com- 
mon-mode signal may be dominated by the slew character- 
istics of the input stage. Whenever the common-mode input 
slew rate exceeds 0.2 V/jxs, the 2 input amplifiers will apply 
identical ramp signals to the final stage and cause its output 
to go to near 0V. Note that the amplifier Is not really active 
under these conditions as normal mode signal variations will 
not be coupled to the output. Some time may be required for 
the amplifier to settle after a transient of this kind before the 
output can be considered representative of the input. Slew 
rate limiting will not normally be the limiting factor for sine 
wave common-mode signals as 0.2 V/jus corresponds to 
about 2 kHz (20 Vp-p). 

POWER SUPPLY DECOUPLING 

Although the LH0038 exhibits in excess of 120 dB PSRR at 
DC, the figure degrades to 100 dB at 120 Hz. It is recom- 
mended that both V+ and V - leads be by-passed with 1 jutF 
electrolytic in shunt with 0.01 juF ceramic disc no further 
than 1 inch from the device. 
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Applications Information (Continued) 



TL/H/5543-17 


t s ,A v = 100,V| N = -20V 

FIGURE 11. Settling Time 


V IN 

/ 



JUNCTION 

TL/H/5543-18 


t s ,A v = 100, V| N = -20 V 

FIGURE 12. Settling Time 



FIGURE 13. Settling Time Test Circuit 


TL/H/5543-19 
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Definition of Terms 

Bandwidth: That frequency at which the voltage gain is re- 
duced to 3 dB below the low frequency. 

Common-Mode Rejection Ratio, CMRR: The ratio of the 
input common-mode voltage range to the peak-to-peak 
change in input offset voltage over this range. 

Input Offset Voltage, V|os= The voltage which must be 
applied to the inputs to force the outputs of the input stage 
to OV. V|os can be calculated by measuring Vqs at closed 
loop gains of 100 and 2000 and using the following equa- 
tion: 

(V 0S ) 2k -(V 0S ) 100 
V|OS 1900 

Where: 

(Vos)2k = overall offset voltage for Avcl = 2k. 
(Vqs)IOO - overall offset voltage for Avcl = 100- 
Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end points expressed as a 
percent of full-scale (10V for operations on +15V supply). 
Note that this is a more stringent specification than devia- 
tion from the best straight line and is double the number that 
would be specified if the percentage were based on a 20V 
( ± 1 0V) range. 

Guard Voltage Error: The voltage difference between the 
guard drive output and the average of the 2 input voltages. 
Input Bias Current, Iq: The average of the 2 input currents. 
Input Common-Mode Voltage Range, V|ncm : The range 
of voltages on the input terminals for which the amplifier is 
operational. Note that the specifications are not guaranteed 
over the full common-mode voltage range unless specifical- 
ly stated. 

Input Offset Current, Iqs : The difference in the currents 
into the 2 input terminals when the output is at zero. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Overall Offset Voltage, Vqs= The output voltage when 
both inputs are connected to 0V. Vqs is composed of input 
amplifier offset voltage effects, V|qs> and output amplifier 
effects, Vqos- It is given by: 

Vos = (Avcl) (Vios) ~ Vqos 

Where: 

a vcl = closed loop gain = 1 00 to 2k 
Vios = i n P ut stage offset voltage 
Vqos = output stage offset voltage 


Output Offset Voltage, Vqos : The output voltage when 
theoutputs of the input stage are forced to 0V. Vqos ma y be 
calculated by measuring Vqs at closed loop gains of 100 
and 2000 and using the following equation: 

Vqos = (20) (Vos) ioo ~ (Vqs) 2k 

19 

Where: 

(Vos) 100 = overall offset voltage for Avcl = 100 

(Vos) 2k = overall offset voltage for Avcl 
Output Voltage, Vq: The peak output voltage swing, re- 
ferred to zero. 

Offset Voltage Temperature Drift, AV| 0 s/AT: The aver- 
age drift rate of offset voltage for a thermal variation from 
room temperature to the indicated temperature extreme. 
Power Supply Rejection Ratio, PSRR: The ratio of the 
change in input offset voltage to the change in power supply 
voltages producing it. 

Settling times, t s : The time between the initiation of the 
input step function and the time when the output voltage 
has settled to within a specified error band of the final out- 
put voltage. 

Slew Rate, S r : The internally-limited rate of change in out- 
put voltage with a large-amplitude step function applied to 
the input. 

Supply Current, ±l s : The current required from the power 
supply to operate the amplifier with no load and the output 
midway between the supplies. 

Supply Voltage Range: The range of voltages on the sup- 
ply terminals for which the device is operational. Note that 
the specifications are not guaranteed over the full supply 
voltage range unless specifically stated. 

Transient Response, t r : The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from DC to 
the frequency where the amplifier open loop gain rolls off 
to 1. 

Closed Loop Gain, Avcl : The ratio of output voltage to 
input voltage under the stated conditions of source resist- 
ance (Rs) and load resistance (RJ. 

Voltage Gain Error: The deviation in percent between the 
ideal voltage gain and the value obtained when the device is 
configured for that gain. 
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National 
Semiconductor 

LH0084/LH0084C Digitally-Programmable-Gain 
Instrumentation Amplifier 

General Description 

The LH0084/LH0084C is a self-contained, high speed, high 
accuracy, digitally-programmable-gain instrumentation am- 
plifier. It consists of paired FET-input variable-gain voltage- 
follower input stages followed by a differential-to-single- 
ended output stage. The input stage is programmable in 
accurate gain steps of 1, 2, 5, or 10 controlled by the logic 
levels of a 2-bit TTL-compatible digital input word. For addi- 
tional flexibility, the output stage is pin-strappable to fixed 
gains of 1, 4, or 10 for an overall gain range of 1 to 100. 

Applications include increased dynamic range A-to-D con- 
verters, test systems, and post multiplexer amplifier for data 
acquisition systems. 

The device exhibits high input impedance, low offset volt- 
age, high PSRR, high speed, and excellent gain accuracy 
and gain non-linearity. 


The LH0084 is guaranteed from -55°C to +125°C. The 
LH0084C is guaranteed from -25°C to +85°C. Both devic- 
es are provided in a hermetically sealed 16-lead dual-in-line 
metal package. 

Features 

b Excellent gain accuracy 
and low gain non-linearity 
b Extremely low gain drift 

0 High input impedance 
a High PSRR 

b TTL compatible digital inputs 
0 High speed, settling to 0.1% 


0.075% max 
0.01 % typ 
1 ppm/°C typ 
10 ppm/°C max 
lOUntyp 
70 dB min 

4 jas max 



Simplified Schematic and Connection Diagrams 


v + 



Dual-ln-Line Package 



TOP VIEW 

Case is electrically isolated 

Order Number LH0084D or LH0084CD 
See NS Package D16D 


TL/H/5651-1 



6-25 


LH0084/LH0084C 




LH0084/LH0084C 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 6) 


Supply Voltage (Note 1) 

Analog Input Voltage (Note 2) 
Differential Input Voltage (Note 2) 
Digital Input Voltage 


± 18V 
± 15V 
+ 30V 
— 4 V, + 18V 


Power Dissipation (Note 5) 

Output Short Circuit Duration 
Operating Temperature Range 
LH0084 
LH0084C 

Lead Temp. (Soldering, 10 seconds) 
ESD rating to be determined. 


DC Electrical Characteristics Vg= ± 15V, R|_=10 kfl, Tmin^T/^Tmax un ^ ess n °ted 


2.5W 

Continuous 

— 55°C to +125°C 
— 25°C to +85°C 
+ 260°C 


Symbol 

Parameter 

Conditions 

LH0084 

LH0084C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

v IOS 

Input Offset Voltage 

R s = lOOfl 

VcM = 0 
(Note 3) 

Tj = 25°C 


0.3 

5 


0.3 

10 

mV 




7 



13 

AV|os/AT 

Input Offset Voltage 
Change with 
Temperature 


10 



10 


jllV/°C 

v OOS 

Output Offset Voltage 

Tj = 25°C 


0.6 

5 


0.6 

10 

mV 




7 



13 

AVqos/AT 

Output Offset Voltage 
Change with 
Temperature 


20 



20 


julV/°C 

Ib 

Input Bias Current 


Tj = 25°C 


150 

500 


150 

500 

pA 


(Note 4) 





500 



100 

nA 

■os 

Input Offset Current 


Tj = 25°C 


50 

200 


50 

200 

PA 







200 



50 

nA 

Rin 

Input Resistance 

Differential 


ion 



1011 





Common-Mode 


ion 



1011 


a 

V| N 

Input Voltage Range 


±10 



±10 



V 

Av 

Voltage Gain 

See Table 1 



1 



1 








2 



2 








5 



5 








10 



10 


M/M 






20 



20 








50 



50 








100 



100 




Gain Error 

A v = 1 , 2, 5 



0.01 

0.075 


0.02 

0.15 




Ay =10, 20, 50,100 

1 A = 25 U C 


0.02 

0.1 


0.03 

0.2 




Ay = 1 , 2, 5 



0.02 

0.2 


0.02 

0.2 

% 



Ay =10, 20, 50,100 



0.03 

0.3 


0.03 

0.3 



Gain Nonlinearity 


T a = 25°C 


0.002 



0.002 








0.005 



0.005 



A Ay/ AT 

Gain Temperature 




1 

10 


1 

10 

ppm/°C 


Coefficient 










CMRR 

Common-Mode 

V| N =±10V 

| A V = 1 

70 

80 


70 

80 




Rejection Ratio 


£ 

II 

o 

76 

94 


76 

94 


dB 




Ay =100 

80 

94 


80 

94 



PSRR 

Power Supply 

±8V^V S ^ + 18V 

Ay= 1 

70 

84 


70 

84 


dB 


Rejection Ratio 


> 

< 

II 

o 

76 

92 


76 

92 






| Ay= 100 

80 

104 


80 

104 



Vo 

Output Voltage Swing 

| n L ;>ioka 

±10 

±12 


±10 

±12 


V 

lo 

Output Short Circuit 


| Ta = 25°C 

±5 

±18 

±40 

±5 

±18 

±40 



Current 



±2 


±40 

±2 


±40 

mA 
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DC Electrical Characteristics (Continued) Vs= ± 1 5V, Rl= 10 kft, Tmin^ t a^ t MAX unless noted 


Symbol 

Parameter 

Conditions 

LH0084 

LH0084C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Ro 

Output Resistance 



0.05 



0.05 


n 

V|L 

Digital “0” 

Input Voltage 




0.7 



0.7 

V 

V| H 

Digital “1” 

Input Voltage 

2.0 



2.0 



IlL 

Digital "0” 

Input Current 

V| N = 0.4V 


1.5 

40 


1.5 

40 

julA 

IlH 

Digital "1” 

Input Current 

V| N = 2.4V 


0.01 



0.01 


v s 

Supply Voltage 

Range 


±8 


±18 

±8 


±18 

V 

is(+) 

Positive Supply 
Current 

V S ^±18V 


12 

18 


12 

26 

mA 

is(-) 

Negative Supply 
Current 


8 

12 


8 

14 

P D 

Power Dissipation 

V s = ±15V 


315 

450 


315 

600 

mW 


AC Electrical Characteristics v s =±i 5 v,T A = 25 °c,R L =iokn 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BW 

Bandwidth {Figure 1) 

Small Signal, 

— 3 dB 

A v =1 


3250 


kHz 

> 

< 

II 

o 


500 


A v — 1 00 


350 


Small Signal, 

-1% 

A v =1 


300 


a 

o 


75 


A v = 100 


55 


PBW 

Power Bandwidth 

v 0 =±iov 


200 


SR 

Slew Rate 

10 

13 


V/jLlS 


Settling Time (Figure 2) 

±0.1% 

AV 0 = ± 20 V 

A v = 1 


2.3 

3.0 

JLtS 

H 

o 


2.7 

3.5 

II 

o 

o 


3.1 

4.0 


Gain Switching Time 



3.5 


En 

Equivalent Input 

Noise Voltage (Figure 3) 

BW = 0.1 Hz-10 Hz 

A v =100 


7 


MA/p-p 

BW = 10 Hz-10 kHz 


1.4 


juVrms 

In 

Equivalent Input 

Noise Current (Figure 3) 

BW = 1 0 Hz — 1 0 kHz 


30 


pArms 


Note 1: Improper supply power-on sequence may damage the device. See Power Supply Connection section under Applications Information. 

Note 2: For supply voltages less than ±15V the maximum input voltage is equal to the supply voltage. 

Note 3: These parameters are specified at junction temperature, Tj. In normal operation the junction temperature rises above the ambient temperature, Ta, as a 
result of internal power dissipation, Pp. Tj=Ta+0jaPd where 0jA is the thermal resistance from junction to ambient. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature. 

Note 5: See Typical Performance Characteristics for Thermal Resistance Information. 

Note 6: Refer to RETS0084D for LH0084D military specifications. 
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Typical Performance Characteristics 


Power Dissipation 


0ja = 6O°C/W>L NO HEAT SINK 


) 25 50 75 100 125 150 

TEMPERATURE (°C> 
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10 100 
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== \ 




mm m I 




mrjmwmm m 


■■ 


« 



mm 

■ 

5 

■» 
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Small Signal 
Frequency Response 


■ 
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livuMiiiiiiiM 

IraroaiiiiiiiHiii!! 1 ! 
|KSillllllllBii!!l|||^| 
■■in-3 

IjBBaillBllinilMlllUllli 

■niiiiiiiiiaE 


Common-Mode Rejection 


n 

is 

mi 

llll 

mi 

lllllll 

■ 

llll 


■III 

Si!;!! 

■jillll 


Power Supply Rejection 


wm\ 

E£ i 


RS = 50S2 

RL= 10 kfi 



/ 

T A = 25°C 


\z 


TYPICAL 

/ 

r 


1 J 

r GUARANTEED 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


OUTPUT CURRENT (tmA) 


Settling Time 


:;...ns9inij 
iiiiiiiHHIliM 


Equivalent Input 
Noise Voltage (Includes 
Source-Resistance Noise) 


iiiiiiiiiiiiini 


iiiiiii 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Broadband Output 
Noise Voltage 


V s=±15V 
BW= 10 Hz-10 kHz 


6-28 


TL/H/5651-2 







AC Test Circuits 



FIGURE 1. Frequency Response Measurement Circuit 


OSCILLOSCOPE 



FIGURE 2. Settling Time Measurement Circuit 


Settling Time 



Ay = 10 Input Stage 


DUT 



FIGURE 3. Noise Measurement Circuit 


TL/H/5651 -4 


TL/H/5651 -3 


Wideband Noise 



Rs = 50C Bandwidth 0.1 Hz to 10 Hz 
VV/Division Vertical 5 Seconds/Division Horizontal 


TL/H/5651 -5 
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Applications Information 


THEORY OF OPERATION 

The LH0084 is a digitally-programmable-gain true-instru- 
mentation amplifier composed of a variable-gain voltage-fol- 
lower input stage (A1 and A2), followed by a differential out- 
put stage (A3). The schematic is shown in Figure 4. 

The input stage contains matched high-speed FET-input op 
amps (A1 and A2). A high-stability temperature-compensat- 
ed resistor network (R1 through R7) controls feedback ra- 
tios at the inverting inputs of op amps A1 and A2 via FET 
switches S1A-S4A and S1B-S4B. Since the FET switches 
are in series with the op amp input impedance their resist- 
ance match and temperature drift do not degrade the gain 
accuracy of the instrumentation amplifier. The FET switches 
are controlled through a 1-of-4 decoder and switch driver, 
by the logic levels applied at the digital input terminals D1 


and DO and set the gain of the input stage as shown in 
Table I. 

If, for example, D1 is High (^2.0V) and DO is Low (^0.7V), 
FET switch pair S3A and S3B will be closed (and all remain- 
ing switches open). The input stage gain, Av(i), can then be 
shown to be: 

V2-V1 

V(ir v :N (+)-v IN (-) 

1 | R4 + R5 + R6 + R7 
+ R1+R2 + R3 
6k-h6k+10k+10k 
“ 1+ 4k+2k + 2k 

= 5 


Schematic Diagram 


v + 



TL/H/5651 -6 

FIGURE 4 
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Digital Inputs 

1st Stage 


2nd Stage 

Overall 

Gain 

Pin Connections 

Gain 

Gain 

D1 

DO 

A V(1) 


A V(2) 

Av 

0 

0 

1 



1 

0 

1 

2 



2 

1 

0 

5 

6-10, 13-GND 

1 

5 

1 

1 

10 



10 

0 

0 

1 



4 

0 

1 

2 



8 

1 

0 

5 

7-10, 12-GND 

4 

20 

1 

1 

10 



40 

0 

0 

1 



10 

0 

1 

2 



20 

1 

0 

5 

8-10, 11-GND 

10 

50 

1 

1 

10 



100 


Applications Information (Continued) 


The output stage, consisting of op amp A3 and resistors R8 
through R15, converts the voltage difference at the output 
of the input stage, V2 minus VI, to a single-ended output. 
For increased flexibility of the LH0084, the output stage gain 
is pin-strappable by selecting RIO, R10 + R12, or 
R10 + R12+R14as feedback resistor for A3. The ratios of 
these resistors to the differential stage input resistor R3 are 
kept very accurate to maintain the excellent overall gain 
accuracy of the device. The output stage gain, Av( 2 ), is 
equal to the feedback resistance divided by the input resist- 
ance. Thus with, for example, Pin 7 wired to Pin 10, that gain 
would be: 


Av(2) = 


v OUT 
V2— VI 

R10 + R12 
R8 

10K + 30K 


( 2 ) 


10k 

To preserve the high common-mode rejection ratio of the 
output stage, the ground sense resistor, R1 1, R1 1 + R13 or 
R11 +R13 + R15, must match the feedback resistor used. 
The overall gain of the LH0084 is therefore: 


POWER SUPPLY CONNECTIONS 

Proper power supply connections are shown in Figure 5. 
The power supplies should be bypassed to ground as close 
as possible to device supply pins. For optimum high speed 
performance V + and V - should be decoupled with a 0.01 
juF ceramic disc in parallel with a 1 jllF electrolytic capacitor. 
The two ground pins, analog and digital grounds, should be 
connected together as close to the device as possible, pref- 
erably with a ground plane underneath the device. If this is 
not possible, the grounds should be connected together lo- 
cally with back-to-back diodes and hard-wired together off- 
board. If a ground reference offset is used, it must be low 
impedance compared to the ground sense resistance to 
avoid CMRR degradation. 

Care must be taken in the supply power-on sequence. The 
LH0084 may suffer irreversible damage if the V+ supply is 
applied prior to the powering on the V - supply. In most 
applications using dual tracking supplies and with the device 
supply pins adequately bypassed, this will not present a 
problem. If this cannot be guaranteed, a germanium or 
Schottky protection diode should be connected between 
the digital ground pin and the V - pin as shown in Figure 5. 

15V 


A V = 


VOUT 


V|N( + )-V| N (-) 
V2-V1 


Vqut 

~V, N ( + ) — V IN ( — )’V2 — VI 

= A V (i) • A V (2) 


( 3 ) 


The different gains available are in the range of 1 through 
100 and are summarized in Table I. 



FIGURE 5. Power Supply Connections 
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Applications Information (Continued) 


SIGNAL CONNECTIONS 


The input signals should be connected as shown in Figure 

6. To minimize errors, Rs( + ), Rs(-) and Rcm should be 
kept as small as possible. 

The output connections are also shown in Figure 6. The 
feedback leads should be kept short as should the ground 
sense in order to minimize lead resistance and parasitic ca- 
pacitance. 

OFFSET AND GAIN ADJUSTMENTS 

Special care must be taken when using external offset ad- 
justment. Since the LH0084 is a 2-stage amplifier with each 
stage contributing offset errors, and the amplifier presum- 
ably is used at several different gains, it is important to real- 
ize that the offsets of both the 1st and the 2nd stages must 
be nulled to maintain zero offset referred to output (RTO) at 
all gain settings. 

In general, it is recommended that the input stage offset 
(Vios) b e adjusted with a potentiometer as shown in Figure 

7. The output stage offset (Vqos) is ideally adjusted at a 
subsequent gain stage (i.e. sample-and-hold or A-to-D con- 
verter), but if this is impractical, it may also be done as 
shown in Figure 7. 


Recommended offset adjust procedure is as follows: Initially 

set both pots to center positions and short both inputs of 

the LH0084 to ground. 

a) Set the input stage gain to 1 (pull D1 and DO low). Mea- 
sure the output voltage, Vquti- 

b) Set the input stage gain to 10 (pull D1 and DO high). 
Measure the new output voltage, VquT2- 

c) Calculate the portion of Vqut 2 contributed by the output 
stage offset per the equation: 

v OOS = g( 10# VouTl~VouT2) (4) 

d) While maintaining an input stage gain of 10, adjust the 
input offset voltage (V|qs) potentiometer until the output 
voltage is equal to the voltage calculated in Equation (4). 

e) Change the input back to a gain of 1 and adjust the out- 
put offset voltage (Vqos) potentiometer until the output 
voltage is zero. 



FIGURE 6. Signal Connections 


01 DO 15V 



TL/H/5651-8 


FIGURE 7. Offset Adjust Circuit 
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Applications Information (Continued) 

An alternate offset adjust scheme is shown in Figure 8. The 
offset should be rezeroed after each time the gain is 
changed or when the op amp integrator drift warrants a new 
zero pulse. An additional advantage of this adjustment tech- 
nique is that it can also be used to cancel out offset voltage 
drift and common-mode voltage error contributions. 
External gain adjustment is generally discouraged since 
gain accuracy can be optimized for one gain setting only. If 
gain adjustment is required, however, it should be done at a 
subsequent gain stage. 

LOGIC CONNECTIONS 

The digital inputs D1 and DO are referenced to the digital 


ground. The device interfaces directly to TTL and, with pull- 
down resistors, to CMOS. 

Interfacing with microprocessors will usually require a latch. 
A circuit using full 6-bit wide address decode and write 
strobe is shown in Figure 9. 

REMOTE OUTPUT SENSE 

The feedback resistors of the LH0084 can be connected 
directly at the load in order to eliminate errors due to lead 
resistance (Figure 10). 



FIGURE 8. Auto Zero Circuit 



FIGURE 9. Typical Microprocessor Interface 



TL/H/5651-9 

FIGURE 10. Remote Sense Connection 
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Applications Information (Continued) 

Also, a unity gain buffer, such as the LH0033, may be in- 
cluded in the feedback loop for increased current drive ca- 
pability as shown in Figure 1 1. 


The output sense feature can also be used in other ways 
such as output offset, Figure 12, or current source output, 
Figure 13. 




VoutAv*V|N + Vref 

IVoutI^IOV 

FIGURE 12. Output Offset Connection 



lour 


AyV| N 


r set 

HoutI^s m a 

|Iout(Rl+Rset)Uiov 


•out 


TL/H/5651-10 


FIGURE 13. Output Current Source Connection 


Applications 

The LH0084 is ideal for application in increased dynamic 
range A-to-D converters, test systems, process control, and 
multi-channel data acquisition system. Figure 14 shows the 
device used in a typical data acquisition system. 

A software offset and gain error correction scheme is shown 
in Figure 15. By first selecting a multiplexer input con- 


nected to analog ground, and then selecting a channel con- 
nected to a reference of known value, the overall system 
gain and offset errors can be calculated. For all subsequent 
readings, offset and gain corrections can be made mathe- 
matically by solving a simple first-order equation in software. 


LOW LEVEL 
ANALOG 
INPUT 



FIGURE 14. Typical Data Acquisition System 
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Applications (Continued) 



TL/H/5651-12 


FIGURE 15. Software System Offset and Gain Calibration Circuit 


Definition of Terms 

Input Offset Voltage, V|qs : The voltage which must be 
applied to the inputs to force the output of the input stage to 
OV. Vios can be calculated by measuring Vqs (RTO) at in- 
put stage gains of 1 and 10 and using the following equa- 
tion: 

V|OS = ^V 0 sIa V = 10“VosIa V = 1 ) 

where: 

v osIav=io = Overall offset (RTO) for Ay=10 
v OsUv=i = Overall offset (RTO) for Ay= 1 

Input Offset Current, Iqs: The difference in the currents 
into the 2 analog input terminals at 0V. 

Input Bias Current, Ib: The average of the currents into the 
2 analog input terminals at 0V. 

Input Resistance, R|n: Common-mode input resistance is 
the change in input voltage range divided by the change in 
input bias current with both analog inputs at the same volt- 
age. Differential input resistance is the change in input volt- 
age at one input terminal divided by the change in input 
current at the other input terminal which is kept still at 0V. 
Input Voltage Range, V|n: The voltage range for which the 
device is operational. 

Common-Mode Rejection Ratio, CMRR: The ratio of the 
input common-mode voltage range to the change in input 
offset voltage over this range. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
specified change in supply voltage to the change in input 
offset voltage over this range. 

Voltage Gain, Ay: The ratio of output voltage change to the 
input voltage change producing it. 

Gain Error: The deviation in percent between the ideal volt- 
age gain and the value obtained when the device is config- 
ured for that gain. 


Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end-points expressed as a 
percent of full-scale (10V for operation with ±15V supply). 
For testing purposes it is the difference between positive 
swing gain (0V to 10V) and average gain (-10V to 10V) or 
between negative swing gain (0V to -10V) and average 
gain. 

Output Stage Offset Voltage, Vqos : The voltage which 
must be applied to the input of the output stage for the 
output to be forced to 0V. Vqos can be calculated by mea- 
suring Vos (RTO) at input stage gains of 1 and 10 and ap- 
plying the following equation: 

v OOS = ^ 1 0 • Vosl A V = 1 ~ V Osl A V = 1 0 ) 
where: 

VqsIav = 1 = Overall offset (RTO) for Ay= 1 

Vosl Ay = 10 = Overall offset (RTO) for Ay=10 

Offset Voltage (Referred to Output), Vqs(RTO) : The out- 
put voltage when both inputs are connected to 0V. Vos is 
composed of input offset voltage, Viqs. and output offset 
voltage, Vqos. and is a function of amplifier gain. The over- 
all offset voltage is given by: 

V OS(RTO) = A V(2)( A V(1) V|OS + Vqos) 
where: 

v iOS = Input offset voltage 
Voos = Output stage offset voltage 
A V(i) = Input state gain 
A V( 2 ) = Output stage gain 
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Definition of Terms (Continued) 

Output Voltage Swing, Vq: The peak output voltage swing 
referenced to ground into specified load. 

Output Short-Circuit Current, lo‘. The current supplied by 
the device with the output connected directly to ground. 
Output Resistance, r Q : The ratio of change in output volt- 
age to change in output current around zero output. 

Supply Voltage Range, V s : The supply voltage range for 
which the device is operational. 

Supply Current, l s : The current required from the supply to 
operate the device with zero load and with the analog as 
well as the digital inputs at OV. 

Power Dissipation, P D : The power dissipated in the device 
with zero load and with the analog as well as the digital 
inputs at OV. 

Digital “1” Input Voltage, Vih: Minimum voltage required 
at the digital input to guarantee a high logic state. 

Digital “0” Input Voltage, V|i_: Maximum voltage required 
at the digital input to guarantee a low logic state. 

Digital “1” Input Current, Iih: The current into a digital 
input at specified logic level. 

Digital “0” Input Current, l||_: The current into a digital in- 
put at specified logic level. 

Average Input Offset Voltage Drift, AV|qs/AT: The ratio 
of input offset voltage change from 25°C to either tempera- 
ture extreme divided by the temperature range. 

Average Output Offset Voltage Drift, AVqos/AT: The ra- 
tio of output offset voltage change from 25°C to either tem- 
perature extreme divided by the temperature range. 


Average Gain Temperature Coefficient, AA V /AT: The ra- 
tio of change in gain from 25°C to either temperature ex- 
treme divided by the temperature range. 

Small Signal Bandwidth, BW: The frequency at which the 
device gain changes from the low frequency gain by a spec- 
ified amount. 

Power Bandwidth, PBW: Maximum frequency for which 
the output swing is a large signal sinewave without notice- 
able distortion. 

Slew Rate, SR: The internally limited rate of change in out- 
put voltage with a large amplitude step function applied at 
the input. 

Settling Time, t s : The time between the initiation of an input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Gain Switching Time: The time between the initiation of a 
gain logic change and the time when the final gain switches 
are closed. It includes overdrive recovery time, but not set- 
tling to final value. 

Equivalent Input Noise Voltage, Er: The rms of peak 
noise voltage referred to the input (RTI) over a specified 
frequency band. 

Equivalent Input Noise Current, 1^: The rms of peak noise 
current referred to the input (RTI) over a specified frequency 
band. 
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National 
Semiconductor 

LM221/LM321/LM321A Precision Preamplifiers 

General Description 

The LM121 series are precision preamplifiers designed to 
operate with general purpose operational amplifiers to dras- 
tically decrease dc errors. Drift, bias current, common mode 
and supply rejection are more than a factor of 50 better than 
standard op amps alone. Further, the added dc gain of the 
LM121 decreases the closed loop gain error. 

The LM121 series operates with supply voltages from ±3V 
to ±20V and has sufficient supply rejection to operate from 
unregulated supplies. The operating current is programma- 
ble from 5 jwA to 200 juA so bias current, offset current, gain 
and noise can be optimized for the particular application 
while still realizing very low drift. Super-gain transistors are 
used for the input stage so input error currents are lower 
than conventional amplifiers at the same operating current. 

Further, the initial offset voltage is easily nulled to zero. 

The extremely low drift of the LM121 will improve accuracy 
on almost any precision dc circuit. For example, instrumen- 
tation amplifier, strain gauge amplifiers and thermocouple 
amplifiers now using chopper amplifiers can be made with 


the LM121. The full differential input and high common- 
mode rejection are another advantage over choppers. For 
applications where low bias current is more important than 
drift, the operating current can be reduced to low values. 
High operating currents can be used for low voltage noise 
with low source resistance. The programmable operating 
current of the LM121 allows tailoring the input characteris- 
tics to match those of specialized op amps. 

The LM221 is specified over a -25°C to +85°C range and 
the LM321 over a 0°C to +70°C temperature range. 

Features 

a Guaranteed drift of LM321A — 0.2 jaV/°C 
b Guaranteed drift of LM221 series — 1 juV/°C 
m Offset voltage less than 0.4 mV 
m Bias current less than 10 nA at 10 juA operating current 
m CMRR 126 dB minimum 
m 120 dB supply rejection 
b Easily nulled offset voltage 



Typical Applications 

Thermocouple Amplifier with Cold Junction Compensation 


+15V 
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Absolute Maximum Ratings 






Supply Voltage 

±20V 

Operating Temperature Range 



Power Dissipation (Note 1 ) 

500 mW 

LM321A 


0°C to +70°C 

Differential Input Voltage (Notes 2 and 3) ± 1 5V 

Storage Temperature Range 

— 65°C to + 1 50°C 

Input Voltage (Note 3) 

±15V 

Lead Temperature (Soldering, 10 sec.) 

300°C 



ESD rating to be determined. 



Electrical Characteristics (Note4> lm32ia 









LM321A 



Parameter 

Conditions 





Units 




Min 

Typ 

Max 


Input Offset Voltage 

T a = 25°C, 6.4k <; R S et ^ 70k 


0.2 

0.4 

mV 

Input Offset Current 

T a = 25°C, 







Rset = 70k 



0.3 

0.5 

nA 


r SET = 6.4k 




5 

nA 

Input Bias Current 

T a = 25°C, 







Rset = 70k 



5 

15 

nA 


Rset = 6.4k 



50 

150 

nA 

Input Resistance 

T a = 25°C, 







Rset = 70k 


2 

8 


M n 


Rset = 6.4k 


0.2 



MH 

Supply Current 

T a = 25°C, Rset = 70k 


0.8 

2.2 

mA 

Input Offset Voltage 

6.4k < Rset ^ 70k 


0.5 

0.65 

mV 

Input Bias Current 

Rset = 70k 



15 

25 

nA 


Rset = 6.4k 



150 

250 

nA 

Input Offset Current 

Rset = 70k 



0.5 

1 

nA 


Rset = 6.4k 



5 

10 

nA 

Input Offset Current Drift 

Rset = 70k 


3 


pA/°C 

Average Temperature 

Rs ^ 200(1, 6.4k < Rset — 70k 





Coefficient of Input Offset 

Offset Voltage Nulled 






Voltage 




0.07 

0.2 

juV/°C 

Long Term Stability 



3 


/xV/yr 

Supply Current 



1 

3.5 

mA 

Input Voltage Range 

V s = ± 15V, (Note 5) 







Rset = 70k 


±13 



V 


Rset — 6.4k 


+ 7, -13 



V 

Common-Mode Rejection 

Rset = 70k 


126 

140 


dB 

Ratio 

r S et = 6.4k 


120 

130 


dB 

Supply Voltage Rejection 

Rset = 70k 


118 

126 


dB 

Ratio 

Rset = 6.4k 


114 

120 


dB 

Voltage Gain 

T a = 25°C, Rset = 70k, 







R L > 3 Mfl 


12 

20 


V/V 

Noise 

Rset = 70k, Rsource = o 


8 


nV/VRi 

J Note 1: The maximum junction temperature of the LM321 A is 85°C. For operating at elevated temperature, devices in the H08 package must be derated based on 

a thermal resistance of 150°C/W, junction to ambient, or 18°C/W, junction to case. 






| Note 2: The inputs are shunted with back-to-back diodes in series with a 500ft resistor for overvoltage protection. Therefore, excessive current will flow if a 

differential input voltage in excess of IV is applied between the inputs. 






J Note 3: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 



Note 4: These specifications apply for 

±5 <; V S £ ±20V and -55°C ^ T A ^ -M25°C, 

unless otherwise specified. With the LM221A, however all temperature 

specifications are limited to -25°C £ +85°C, and for the LM321A the specifications apply over a 0°C to +70°C temperature range. 


Note 5: External precision resistor —0.1 %— can be placed from pins 1 and 8 to 7 increase positive common-mode range. 




6-38 




Absolute Maximum Ratings 








If Military/Aerospace specified devices are required, 

Operating Temperature Range 




please contact the National Semiconductor Sales 

LM221 



- 

-25°C to +85°C 

Office/Distributors for availability and specifications. 

LM321 , LM321 A 



0°C to +70°C 

Supply Voltage 

±20V 

Storage Temperature Range 

— 65°C to + 150°C 

Power Dissipation (Note 1 ) 500 mW 

Lead Temperature (Soldering, 10 sec.) 


260°C 

Differential Input Voltage (Notes 2 and 3) ± 1 5V 

ESD rating to be determined. 




Input Voltage (Note 3) 

±15V 








Electrical Characteristics (Note4)LM22i,LM32i 







Parameter 

Conditions 

LM221 

LM321 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C, 6.4k ^ R S et ^ 70k 



0.7 



1.5 

mV 

Input Offset Current 

T a = 25°C, 









Rset = 70k 



1 



2 

nA 


r SET = 6.4k 



10 



20 

nA 

Input Bias Current 

T a = 25°C, 









R S et = 70k 



10 



18 

nA 


r SET = 6.4k 



100 



180 

nA 

Input Resistance 

T a = 25°C, 









r SET = 70k 

4 



2 



M a 


r SET = 6.4k 

0.4 



0.2 



M n 

Supply Current 

T a = 25°C, R S et = 70k 



1.5 



2.2 

mA 

Input Offset Voltage 

6.4k <; Rset £ 70k 



1.0 



2.5 

mV 

Input Bias Current 

r SET = 70k 



30 



28 

nA 


Rset = 6.4k 



300 



280 

nA 

Input Offset Current 

Rset = 70k 



3 



4 

nA 


r SET = 6.4k 



30 



40 

nA 

Input Offset Current Drift 

r set = 70k 


3 



3 


pA/°C 

Average Temperature 

R s £ 200fl, 6.4k ^ Rset ^ 70k 








Coefficient of Input 

Offset Voltage 

Offset Voltage Nulled 



1 



1 

JLiV/°C 

Long Term Stability 



5 



5 


juV/yr 

Supply Current 




2.5 



3.5 

mA 

Input Voltage Range 

V s = ± 15V, (Note 5) 









Rset - 70k 

±13 



±13 



V 


Rset - 6.4k 

CO 

T 

isT 

+ 



+ 7, -13 



V 

Common-Mode Rejection 

Rset = 70k 

120 



114 



dB 

Ratio 

Rset = 6.4k 

114 



114 



dB 

Supply Voltage Rejection 

Rset = 70k 

120 



114 



dB 

Ratio 

Rset = 6.4k 

114 



114 



dB 

Voltage Gain 

t a = 25°C, Rset = 70k, 









r l > 3 Mfi 

16 



12 



V/V 

Noise 

Rset = 70k, Rsource = 0 


8 



8 


nVA/Hz 

Note 1: The maximum junction temperature of the LM221 is 100°C. The maximum junction temperature of the LM321 is 85°C. For operating at elevated 
temperature, devices in the H08 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 18°C/W, junction to case. 

Note 2: The inputs are shunted with back-to-back diodes in series with a 500ft resistor for overvoltage protection. Therefore, excessive current will flow if a 

differential input voltage in excess of 1 V is applied between the inputs. 








Note 3: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 





Note 4: These specifications apply for ±5 ^ Vs ^ + 20V and -55°C ^ Ta ^ +125°C, unless otherwise specified. With the LM221, however all temperature | 

specifications are limited to -25°C ^ +85°C, and for the LM321 the specifications apply over a 0°C to +70°C temperature range. 



Note 5: External precision resistor — 0.1 % — can be placed from pins 1 and 8 to 7 increase positive common-mode range. 
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Typical Performance Characteristics 


Input Bias Current 



-55 -15 25 65 105 


Distribution of Offset 
Voltage Drift (Nulled) 



-0.4 -0.2 0 0.2 0.4 


TEMPERATURE CC) 


VOLTAGE DRIFT (pV/°C) 


Positive Power Supply 
Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Negative Power Supply 
Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



Voltage Drift 



0 0.2 0.4 0.6 0.8 1.0 

OFFSET VOLTAGE (mV) 


Set Resistor and Set Current 



1 10 100 Ik 

SET CURRENT/SIOE (nA) 



-55 -15 25 55 105 

TEMPERATURE (°C) 


Distribution of Offset 
Voltage Drift (Nulled) 








LM3 



21A 












■ 

■ 

l 

■ 


■ 

■ 



- 

a 


n 

■ 



■ 

m 

m 

B 

■ 

■ 

■ 



i 



II 












-0.2 -0.1 0 0.1 0.2 
VOLTAGE DRIFT (/iV/°C) 


Input Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Differential Voltage Gain 



2 5 10 20 50 100 200 

SET CURRENT/SIDE (mA) 


Common-Mode Limits 







R SI 

T = 

Okf 

L 









d 







REFERRED T 
SUPPLY VOLTA 

0 

GES 


SET 

= 6.< 

K, 

kn 




, 








s 

V 










* i 

*SET 

= 70 

kn 






nr 

n 


_Rs 

ET = 

6.4 k 

n 


-55 -15 25 65 105 

TEMPERATURE ( 0 


TL/H/7769-9 
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Typical Performance Characteristics (Continued) 


Common-Mode Limits 


5 -8 

z 

| -10 



REFERRED TO 
-SUPPLY VOLTAGES 


5 10 20 SO 100 200 

SET CURRENT/SIDE f/jA) 


Supply Current 



-55 -15 25 65 105 

TEMPERATURE (°C) 


Connection Diagram 


+ Output Common-Mode Voltage 


< -2 
5 -3 




POSITIVE SUPPLY 


m 


5 10 20 50 100 200 

SET CURRENT/SIOE M) 


Offset Voltage Adjustment 


T a =2 

5*C 








z 




Z 




z 


V 

liA 1 — 


/ 

r 

_[ 





h l 


IZ 




Hr 

c 



\ 

t— * — * 


1.2 1.4 1.6 1.8 2.0 

R set RATIO R2/R1 


Metal Can Package 

OUTPUT 1 


OUTPUT 2 



Differential Voltage Gain 


V s =±15V 
» = 300 Hz 


-55 -15 25 65 105 

TEMPERATURE ( C) 


Common-Mode Rejection 
Ratio 


3 100 
cc 

a 80 


1 


V S =±15V 

T a = 25'C 








6.4 kn 


Rset = 2C 

ktN^ 











10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/7769-10 


TL/H/7769-7 


Top View 

Note: Pin 4 connected to case. 

Order Number LM221H, LM321H or LM321AH 
See NS Package Number H08C 

Note: Outputs are inverting from the input of the same number. 
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LM221/LM321/LM321A 



Schematic Diagram 




Frequency Compensation 

UNIVERSAL COMPENSATION 

The additional gain of the LM321 preamplifier when used 
with an operational amplifier usually necessitates additional 
frequency compensation. When the closed loop gain of the 
op amp with the LM321 is less than the gain of the LM321 
alone, more compensation is needed. The worst case situa- 
tion is when there is 100% feedback — such as a voltage 
follower or integrator— and the gain of the LM321 is high. 
When high closed loop gains are used— for example Av = 
1000 — and only an addition gain of 200 is inserted by the 
LM321 , the frequency compensation of the op amp will usu- 
ally suffice. 

The frequency compensation shown here is designed to op- 
erate with any unity-gain stable op amp. Figure 1 shows the 
basic configuration of frequency stabilizing network. In oper- 
ation the output of the LM321 is rendered single ended by a 
0.01 jllF bypass capacitor to ground. Overall frequency com- 
pensation then is achieved by an integrating capacitor 
around the op amp. 

12 

Bandwidth at unity-gain = — 

271-RsetC 

4 

for 0.5 MHz bandwidth C = — 

106R SET 

For use with higher frequency op amps such as the LM1 18 
the bandwidth may be increased to about 2 MHz. 

If the closed loop gain is greater than unity, “C” may be 
decreased to: 


10 6 Aql Rset 

ALTERNATE COMPENSATION 

The two compensation capacitors can be made equal for 
improved power supply rejection. In this case the formula for 
the compensation capscitor is: 


106 a cl r S et 


Table I shows typical values for the two compensating ca- 
pacitors for various gains and operating currents. 


TABLE I 


Closed 

Loop 

Gain 

Current Set Resistor 

120 k a 

60 ka 

30 ka 

12 ka 

6 ka 

A v = 1 

68 

130 

270 

680 

1300 

A v = 5 

15 

27 

56 

130 

270 

A v = 10 

10 

15 

27 

68 

130 

A v = 50 

1 

3 

5 

15 

27 

A v = 100 

- 

1 

3 

5 

10 

A v = 500 

- 

- 

1 

1 

3 

A v = 1000 

- 

- 


- 

- 


This table applies for the LM108, LM101A, LM741, LM118. 
Capacitance is in pF. 


DESIGN EQUATIONS FOR THE LM321 SERIES 

1.2X106 

Gain Av ~ — 

Rset 

Null Pot Value should be 10% of Rset 

2 X 0.65V 


Operating Current : 


Rset 


Positive Common-Mode Limit ~ V+ - 



0.65V X 50k ' 
Rset 


Typical Applications 



TL/H/7769-2 
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Typical Applications (Continued) 

Gain of 1000 Instrumentation Amplifier! 

R6 

3M 

0.1% 



High Speed 9 " Inverting Amplifier with Low Drift 

LM103-1.8 



Medium Speed* General Purpose Amplifier 


v + 



TL/H/7769-5 
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Typical Applications (Continued) 


Increased Common-Mode Range at High Operating Currents 

v + v + 
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LM363 


National 
Semiconductor 

LM363 Precision Instrumentation Amplifier 

General Description 

The LM363 is a monolithic true instrumentation amplifier. It 
requires no external parts for fixed gains of 10, 100 and 
1000. High precision is attained by on-chip trimming of off- 
set voltage and gain. A super-beta bipolar input stage gives 
very low input bias current and voltage noise, extremely low 
offset voltage drift, and high common-mode rejection ratio. 

A new two-stage amplifier design yields an open loop gain 
of 10,000,000 and a gain bandwidth product of 30 MHz, yet 
remains stable for all closed loop gains. The LM363 oper- 
ates with supply voltages from ±5V to ±18V with only 1.5 
mA current drain. 

The LM363’s low voltage noise, low offset voltage and off- 
set voltage drift make it ideal for amplifying low-level, low- 
impedance transducers. At the same time, its low bias cur- 
rent and high input impedance (both common-mode and 
differential) provide excellent performance at high imped- 
ance levels. These features, along with its ultra-high com- 
mon-mode rejection, allow the LM363 to be used in the 
most demanding instrumentation amplifier applications, re- 
placing expensive hybrid, module or multi-chip designs. Be- 
cause the LM363 is internally trimmed, precision external 
resistors and their associated errors are eliminated. 

The 16-pin dual-in-line package provides pin-strappable 
gains of 1 0, 1 00 or 1 000. Its twin differential shield drivers 


eliminate bandwidth loss due to cable capacitance. Com- 
pensation pins allow overcompensation to reduce band- 
width and output noise, or to provide greater stability with 
capacitive loads. Separate output force, sense and refer- 
ence pins permit gains between 10 and 10,000 to be pro- 
grammed using external resistors. 

On the 8-pin H08 package, gain is internally set at 10, 100 
or 500 but may be increased with external resistors. The 
shield driver and offset adjust pins are omitted on the 8-pin 
versions. 

The LM363 is rated for 0°C to 70°C. 

Features 

■ Offset and gain pretrimmed 

B 12 nV/VFiz input noise (G = 500/1 000) 
fl 130 dB CMRR typical (G = 500/1 000) 

■ 2 nA bias current typical 
B No external parts required 
B Dual shield drivers 

B Can be used as a high performance op amp 
B Low supply current (1 .5 mA typ) 



Typical Connections 


8-Pin Package 



TL/H/5609-1 


Connection Diagrams 


Metal Can Package 

COMP 



Order Number LM363H-10, 
LM363H-100 or LM363H-500 
See NS Package Number H08C 


16-Pin Package 



G = 10 2,3, 4, open 
G = 100 3-4 shorted 
G = 1000 2-4 shorted 
Vout 


TL/H/5609-33 


16-Pin Dual-In-Line Package 


COMP 1 COMP 2 SENSE OUTPUT REF V- + INPUT +SHIELD 



Order Number 363D 
See NS Package Number D16C 
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Absolute Maximum Ratings (Notes) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ±18V 

Differential Input Voltage ± 1 0V 

Input Current ±20 mA 


Input Voltage 

Reference and Sense Voltage 
Lead Temp. (Soldering, 10 sec.) 
ESD rating to be determined. 


Equal to Supply Voltage 
±25V 


LM363 Electrical Characteristics (Notes 1 and 2) 


FIXED GAIN (8-PIN) 

Input Offset Voltage 

Input Offset Voltage Drift 


Gain Error 

( ± 1 0V Swing, 2 k Cl Load) 

PROGRAMMABLE GAIN (16-PIN) 

Input Offset Voltage 


Input Offset Voltage Drift 

Gain Error 

( ± 1 0V Swing, 2 k Ct Load) 

FIXED GAIN AND PROGRAMMABLE 

Gain Temperature Coefficient 


Gain Non-Linearity 
( ± 1 0V Swing, 2 kft Load) 


Tested 
Limit 
(Note 3) 


Design 
Limit 
(Note 4) 


G = 500 

30 

100 

300 

G = 100 

50 

200 

600 

G = 10 

0.5 

2.0 

5 

G = 500 

1 


4 

G = 100 

2 


8 

G = 10 

20 


75 

G = 500 

0.1 

0.5 

0.8 

G = 100 

0.05 

0.5 

0.7 

G = 10 

0.05 

0.5 

0.6 


G = 1000 

50 

200 

400 

G = 100 

100 

400 

800 

G = 10 

1 

3 

7 

G = 1000 

1 


5 

G = 100 

2 


10 

G = 10 

10 


100 

G = 1000 

2.0 

2.5 

3.0 

G = 100 

0.1 

0.5 

0.7 

G = 10 

0.6 

1.5 

1.7 


ppm/°C 

ppm/°C 

ppm/°C 


= 10, 100 
= 500, 1000 



LM363 


LM363 Electrical Characteristics (Continued) (Notes 1 and 2) 


Parameter 

Conditions 

LM363 

Units 

Typ 

Tested 

Limit 
(Note 3) 

Design 

Limit 
(Note 4) 

Common-Mode Rejection 

G = 1000, 500 

130 

114 

104 

dB 

Ratio (-11 V^V C m^13V) 

G = 100 

120 

94 

84 

dB 


G = 10 

105 

90 

80 

dB 

Positive Supply Rejection 

G = 1000, 500 

130 

110 

100 

dB 

Ratio (5V to 15V) 

G = 100 

120 

100 

95 

dB 


G = 1 0 

100 

85 

78 

dB 

Negative Supply Rejection 

G = 1000, 500 

120 

100 

90 

dB 

Ratio (-5V to -15V) 

G = 100 

106 

85 

75 

dB 


G = 10 

86 

70 

60 

dB 

Input Bias Current 


2 

10 

20 

nA 

Input Offset Current 


1 

3 

5 

nA 

Common-Mode Input 


100 

8 


G ft 

Resistance 






Differential Mode Input 

G = 1000, 500 

0.2 



Gft 

Resistance 

G = 100 

2 



Gft 


G = 10 

20 



Gft 

Input Offset Current Change 

-iiv<;Vcm^13V 

20 

100 

300 

pa/V 

Reference and Sense 


50 



kft 

Resistance 

Min 


30 

27 

kft 


Max 


80 

83 

kft 

Open Loop Gain 

G C l=1000, 500 

10 

1 


V/juV 

Supply Current 

Positive 

1.2 

2.4 

3.0 

mA 





2.8 

mA 


Negative 

1.6 

2.8 

3.4 

mA 


Note 1: These conditions apply unless otherwise noted; V+=V _ = 15V, Vcm^OV, R|_ = 2 kft, reference pin grounded, sense pin connected to output and 
Tj = 25°C. 

Note 2: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range is 0°C to 70°C for the LM363. 

Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed but not 1 00% tested. These limits are not used in determining outgoing quality levels. 

Note 5: Maximum rated junction temperature is 100°C for the LM363. Thermal resistance, junction to ambient, is 150°C/W for the TO-99(H) package and 100°C/W 
for the ceramic DIP (D). 
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COMMON-MODE REJECTION RATIO (dB) COMMON-MODE REJECTION RATIO (dB) COMMON-MODE REJECTION RATIO (dB) COMMON-MODE REJECTION RATIO (dB) 



FREQUENCY (Hz) 

FREQUENCY (Hz) 

FREQUENCY (Hz) 



TL/H/5609-5 


















Typical Performance Characteristics 


Shield Driver Bias Voltage* 


Shield Driver Loading Error 


Shield Driver Loading Error 













Simplified Schematic (pin numbers in parentheses are for 8-pin package) 



TL/H/5609-7 


Theory of Operation 

Referring to the Simplified Schematic, it can be seen that 
the input voltage is applied across the bases of Q1 and Q2 
and appears between their emitters. If Rei- 2 is the resist- 
ance across these emitters, a differential current equal to 
V|n/Rei- 2 f ,ows from Ql’s emitter to Q2’s. The second 
stage amplifier shown maintains Q1 and Q2 at equal collec- 
tor currents by negative feedback to Q4. The emitter cur- 
rents of Q3 and Q4 must therefore be unbalanced by an 
amount equal to the current flow across Rei- 2- Defining 
Re 3-4 = R5 + R6, the differential voltage across the emitters 
of Q4 to Q3 is equal to 


This voltage divided by the attenuation factor 
R4 R2 
R3 + R4~~R1+R2 

is equal to the output-to-reference voltage. Hence, the over- 
all gain is given by 
g _ Vqut _ R3 + R4 ^ Re3-4 
Vin R4 Rei-2 - 


V|N 

Rei-2 


x r E3 . 4 . 
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Application Hints 

The LM363 was designed to be as simple to use as possi- 
ble, but several general precautions must be taken. The dif- 
ferential inputs are directly coupled and need a return path 
to power supply common. Worst-case bias currents are only 
10 nA for the LM363, so the return impedance can be as 
high as 100 Mft. Ground drops between signal return and 1C 
supply common should not be ignored. While the LM363 
has excellent common-mode rejection, signals must remain 
within the proper common-mode range for this specification 
to apply. Operating common-mode range is guaranteed 
from -11V to +13V with +15V supplies. 

The high-gain (500 or 1000) versions have large gain-band- 
width products (15 MHz or 30 MHz) so board layout is fairly 
critical. The differential input leads should be kept away 
from output force and sense leads, especially at high imped- 
ances. Only 1 pF from output to positive input at 100 k Cl 
source impedance can cause oscillations. The gain adjust 
leads on the 16-pin package should be treated as inputs 
and kept away from the output wiring. 

POWER SUPPLY 

The LM363 may be powered from split supplies from +5V 
to ±18V (or single-ended supplies from 10V to 36V). Posi- 
tive supply current is typically 1 .2 mA independent of supply 
voltage. The negative supply current is higher than the posi- 
tive by the current drawn through the voltage dividers for the 
reference and sense inputs (typ 600 juA total). The LM363’s 
excellent PSRR often makes regulated supplies unneces- 
sary. Actually, supply voltage can be as low as 7 V total but 
PSRR is severely degraded, so that well-regulated supplies 
are recommended below 10V total. Split supplies need not 
be balanced; output swing and input common-mode range 
will simply not be symmetrical with unbalanced supplies. For 
example, at +12V and — 5V supplies, input common-mode 
range is typically + 10.5V to -2V and output swing is + 1 1V 
to — 4V. 

When using ultra-low offset versions, best results are ob- 
tained at ± 15V supplies. For example, the LM363-500’s off- 
set voltage is guaranteed within 1 00 jllV at ± 1 5V at 25°C. 
Running at ±5V results in a worst-case negative PSRR er- 
ror of 1 0V ( - 1 5V to - 5V) multiplied by 3.2X1 0 ~6 (1 1 0 dB) 
or 32 jliV, increasing the worst-case offset. Positive PSRR 
results in another 10 juV worst-case change. 

INPUTS 

The LM363 input circuitry is depicted in the Simplified Sche- 
matic. The input stage is run relatively rich (50 jaA) for low 
voltage noise and wide bandwidth; super-beta transistors 
and bias-current cancellation (not shown) keep bias cur- 
rents low. Due to the bias-current cancellation circuitry, bias 
current may be either polarity at either input. While input 
current noise is high relative to bias current, it is not signifi- 
cant until source resistance approaches 100 kfl. 

Input common-mode range is typically from 3V above V - to 
1.5V below V+, so that a large potential drop between the 
input signal and output reference can be accommodated. 
However, a return path for the input bias current must be 
provided; the differential input stage is not isolated from the 
supplies. Differential input swing in the linear region is equal 
to output swing divided by gain, and typically ranges from 
1.3V at G = 10 to 13 mV at G = 1000. 


Clamp diodes are provided to prevent zener breakdown and 
resulting degradation of the input transistors. At large input 
overdrives these diodes conduct, greatly increasing input 
currents. This behavior is illustrated in the Iin vs V|n plot in 
the Typical Performance Characteristics. (The graph is not 
symmetrical because at large input currents a portion of the 
current into the device flows out the V - terminal.) 

The input protection resistors allow a full 10V differential 
input voltage without degradation even at G = 1 000. At input 
voltages more than one diode drop below V - or two diode 
drops above V+ input, current increases rapidly. Diode 
clamps to the supplies, or external resistors to limit current 
to 20 mA, will prevent damage to the device. 

REFERENCE AND SENSE INPUTS 

The equivalent circuit is shown in the schematic diagram. 
Limitations for correct operation are as follows. Maximum 
differential swing between reference and sense pins is typi- 
cally ± 1 5V (± 1 0V guaranteed). If this limit is exceeded, the 
sense pin no longer controls the output, which pegs high or 
low. The negative common-mode limit is 1.5V below V - . 
(This is permissible because R2 and R4 are returned to a 
node biased higher than V - .) If large positive voltages are 
applied to the reference and sense pins, the common-mode 
range of the signal inputs begins to suffer as the drop 
across R13 and R16 increases. For example, at ± 15V sup- 
plies, Vref =v sense = ov » signal input range is typically 
— 12V to + 13.5V. at Vref = VsENSE = 15 ^« si 9 nal in P ut 
range drops to -11V to + 13.5V. The reference and sense 
pin can be as much as 10V above V+ as long as a restrict- 
ed signal common-mode range (— 10V min) can be tolerat- 
ed. 

For maximum bipolar output swing at ± 1 5V supplies, the 
reference pin should be returned to a voltage close to 
ground. At lower supply voltages, the reference pin need 
not be halfway between the supplies for maximum output 
swing. For example, at V+ = + 12V and V - = —5 V, 
grounding the reference pin still allows a +11V to -4V 
swing. For single-supply systems, the reference pin can be 
tied to either supply if a single output polarity is all that is 
required. For a bipolar input and output, create a low imped- 
ance reference with an op amp and voltage divider or a 
regulator (e.g., LM336, LM385, LM317L). This forms the ref- 
erence for all succeeding signal-processing stages. (Don’t 
connect the reference terminal directly to a voltage divider; 
this degrades gain error.) See Figure 1. 



a. Usual configuration maximizes bipolar output swing. 


12V 



“ 5V “ TL/H/5609-8 

b. Unequal supplies, output ground referred. Full output swing pre- 
served referred to supplies. 

FIGURE 1. Reference Connections 
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Application Hints (Continued) 


10V 



c. Single Supply, Unipolar Output 


12V 



TL/H/5609-9 


FIGURE 1. Reference Connections (Continued) 


OUTPUTS 

The LM363’s output can typically swing within IV of the 
supplies at light loads. While specified to drive a 2 kft load 
to ±10V, current limit is typically 15 mA at room tempera- 
ture. The output can stably drive capacitive loads up to 400 
pF. For higher load capacitance, the amplifier may be over- 
compensated. The output may be continuously shorted to 
ground without damaging the device. 

OFFSET VOLTAGE 

The LM363’s offset voltage is internally trimmed to a very 
low value. Note that data sheet values are given at 
Tj = 25°C, V C m == 0V and V+=V~ = 15V. For other condi- 
tions, warm-up drift, temperature drift, common-mode rejec- 
tion and power supply rejection must be taken into account. 
Warm-up drift, due to chip and package thermal gradients, is 
an effect separate from temperature drift. Typical warm-up 
drift is tabulated in the Electrical Characteristics; settling 
time is approximately 5 minutes in still air. At load currents 
up to 5 mA, thermal feedback effects are negligible 
(AV 0 s^2ju,V at G = 1000). 

Care must be taken in measuring the extremely low offset 
voltages of the high gain amplifiers. Input leads must be 
held isothermal to eliminate thermocouple effects. Oscilla- 
tions, due to either heavy capacitive loading or stray capaci- 
tance from input to output, can cause erroneous readings. 
In either case, overcompensation will help. High frequency 
noise fed into the inputs may be rectified internally, and pro- 


duce an offset shift. A simple low-pass RC filter will usually 
cure this problem {Figure 2). Use film type resistors for their 
low thermal EMF. In highly noisy environments, LC filters 
can be substituted for increased RF attenuation. 



TL/H/5609-10 

FIGURE 2. Low Pass Filter Prevents RF Rectification 

Instrumentation amplifiers have both an input offset voltage 
(Vios) and an ° ut P ut offset voltage (Vqos)- The total input- 
referred offset voltage (Vqsrti) is related to the instrumen- 
tation amplifier gain (G) as follows: Vosrti = v iOS + v OOS/ 
G. The offset voltage given in the LM363 specifications is 
the total input-referred offset. As long as only one gain is 
used, offset voltage can be nulled at either input or output 
as shown in Figures 3a and 3b. When the 1 6-pin device is 
used at multiple gain settings, both Viqs arid Vqos should 
be nulled to get minimum offset at all gains, as shown in 
Figure 3c. The correct procedure is to trim Voos for zero 
output at G = 10, then trim Viqs at G = 1000. 



15V 




a. Input Offset Adj. 
for 16-Pin Package 


b. Output Offset Adj. c. Input and Output Offset 

for 8-Pin Package Adjustment for 16-Pin Package 


FIGURE 3. Offset Voltage Trimming 


TL/H/5609-1 1 
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Application Hints (Continued) 

Because the LM363’s offset voltage is so low to begin with, 
offset nulling has a negligible effect on offset temperature 
drift. For example, zeroing a 1 00 ju,V offset, assuming external 
resistor TC of 200 ppm/°C and worst-case internal resistor 
TC, results in an additional drift component of 0.08 juA//°C. 
For this reason, drift specifications are guaranteed, with or 
without external offset nulling. 

GAIN ADJUSTMENT 

Gain may be increased by adding an external voltage divid- 
er between output force and sense and reference; the pre- 
ferred connection is shown in Figure 4. Since both the 
sense and reference pins look like 50 kfl (±20 kfl) to V~, 
impedances presented to both pins must be equal to avoid 
offset error. For example, a 10011 imbalance can create a 


worst-case output offset of 50 mV, creating an input-re- 
ferred error of 5 mV at G = 1 0 or 50 /xV at G = 1 000. 
Increasing gain this way increases output offset error. An 
LM363H-100 may have an output offset of 5 mV, resulting in 
input referred offset component of 50 jwV. Raising the gain 
to 200 yields a 10 mV error at the output and changes input 
referred error by an additional 50 juV. 

External resistors connected to the reference and sense 
pins can only increase the gain. If ultra-low output imped- 
ance is not critical, the technique in Figure 5 can be used to 
trim the gain to nominal value. Alternatively, the Vqs adjust- 
ment terminals on the 16-pin package may be used to trim 
the gain (< Figure 10b). 



R1 and R2 should be as low as possible to avoid errors due to 50 kfl 
input impedance of reference and sense pins. Total resistance 
(R2+2R1) should be above 4 kft, however, to prevent excessive load 
on the LM363 output. The exact formula for calculating gain (G) is: 

^ / 2R1 R1 \ 

G=Go l 1+ 'Si' + i5i;) 

Gq = preset gain 

The last term may be ignored in applications where gain accuracy is not 
critical. The table below gives suggested values for R1 and R2 along 
with the calculated error due to “closest value” standard 1 % resistors. 
Total gain error tolerance includes contributions from LM363 Go error 
and resistor tolerance (±1%) and works out to approximately 2.5% in 
every case. 


Gain Increase 

1.5 

2 

2.5 

3 

4 

5 

6 

7 

8 

9 

10 

R1 

1.21k 

1.21k 

2k 

2k 

1.78k 

2k 

2.49k 

2.94k 

3.48k 

3.92k 

4.42k 

R2 

5k 

2.49k 

2.74k 

2.05k 

1.21k 

Ik 

Ik 

Ik 

Ik 

Ik 

Ik 

Error (typ) 

+ 0.6% 

-0.2% 

0 

-0.3% 

-0.6% 

+ 0.8% 

+ 0.5% 

-0.9% 

+ 0.4% 

-0.9% 

-0.7% 


FIGURE 4. Increasing Gain 
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Application Hints (Continued) 

COMPENSATION AND OUTPUT CLAMPING 

The LM363 is internally compensated for unity feedback 
from output to sense. Increasing gain with external dividers 
will decrease the bandwidth and increase stability margin. 
Without external compensation, the amplifier can stably 
drive capacitive loads up to 400 pF. When used as an op 
amp (sense and reference pins grounded, feedback to in- 
verting input), the LM363 is stable for gains of 100 or more. 
For greater stability, the device may be over-compensated 
as in Figure 6. Tables I and II depict suggested compensa- 
tion components along with the resulting changes in large 
and small signal bandwidth for the 8-pin and 16-pin pack- 
ages, respectively. 

Note that the RC network from pin 8 of the 8-pin device to 
ground has a large effect on power bandwidth, especially at 
low gains. The Miller capacitance utilized for the 16-pin de- 
vice permits higher slew rate and larger load capacitance 
for the same bandwidth, and is preferred when bandwidth 
must be greatly reduced (e.g., to reduce output noise). 


Heavy Miller overcompensation on the 16-pin package can 
degrade AC PSRR. A large capacitor between pins 15 and 
16 couples transients on the positive supply to the output 
buffer. Since the amplifier bandwidth is severely rolled off it 
cannot keep the output at the correct state at moderate 
frequencies. Hence, for good PSRR, either keep the Miller 
capacitance under 1000 pF or use the pin 15-to-ground 
compensation. 



a. 8-Pin Package 



TL/H/5609-14 

FIGURE 6. Overcompensation 


TABLE I. Overcompensation on 8-Pin Package 


Gain 

Compensation Network 
(Pin 8 to Ground)! 

Small Signal 
3dB 

Bandwidth 

(kHz) 

Power 
Bandwidth 
(±10V Swing) 
(Hz) 

Maximum 

Capacitive 

Load 

(pF) 


— 

125 

100k 

400 


100 pF, 15k 

95 

15k 

600 

500 

1000 pF, 5k 

45 

1.8k 

800 


0.01 juiF, 500ft 

10 

200 

1000* 


0.1 julF 

1 

20 

1000* 


— 

240 

100k 

400 


100 pF, 15k 

170 

15k 

900 

100 

1000 pF, 5k 

80 

1.8k 

1200 


0.01 jmF, 500ft 

20 

200 

1600* 


0.1 jllF 

2 

20 

2000* 


— 

240 

100k 

400 


100 pF, 15k 

170 

15k 

900 

10 

1000 pF, 5k 

90 

1.8k 

1200 


0.01 jllF, 500ft 

20 

200 

1600* 


0.1 jllF 

2 

20 

2000* 


*Also stable for Cl 0.05 jaF tPin 15 to ground on 16-pin package 


TABLE II. Overcompensation on 16-Pin Package 


Gain 

Compensation 
Capacitor 
(Pin 15 to 16) 

Small Signal 
3dB 

Bandwidth 

(Hz) 

Power 
Bandwidth 
(± 10V Swing) 
(Hz) 

Maximum 

Capacitive 

Load 

(PF) 


0 

45k 

45k 

1000* 


10 pF 

16k 

16k 

2000* 

1000 

100 pF 

2.5k 

2.5k 

2500* 


1000 pF 

250 

250 

3000* 


0.01 juF 

25 

25 

3000* 


0 

140k 

100k 

900 


lOpF 

50k 

50k 

1600 

100 

100 pF 

7.5k 

7.5k 

2000* 


1000 pF 

750 

750 

2000* 


0.01 jaF 

75 

75 

2000* 


0 

180k 

90k 

600 


10 pF 

60k 

50k 

1100 

10 

100 pF 

9k 

9k 

1600 


1000 pF 

900 

900 

2000* 


0.01 juF 

90 

90 

2000* 


*Also stable for Cl ^ 0.05 juF 


CO 

o> 

CO 
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Application Hints (Continued) 

Because the LM363’s output voltage is approximately one 
diode drop below the voltage at pin 1 5 (pin 8 for the 8-pin 
device), this point may be used to limit output swing as seen 
in Figure 7a. Current available from this pin is only 50 juA, so 
that zeners must have a sharp breakdown to clamp accu- 
rately. Alternatively, a diode tied to a voltage source could 
be used as in Figure 7b. 



SHIELD DRIVERS 


When differential signals are sent through long cables, three 
problems occur. First, noise, both common-mode and differ- 
ential, is picked up. Second, signal bandwidth is reduced by 
the RC low-pass filter formed by the source impedance and 
the cable capacitance. Finally, when these RC time con- 
stants are not identical (unbalanced source impedance 
and/or unbalanced capacitance), AC common-mode rejec- 
tion is degraded, amplifying both induced noise and 
“ground” noise. Either filtering at the amplifier inputs or 
slowing down the amplifier by overcompensating will indeed 
reduce the noise, but the price is slower response. The 
LM363’s dual shield drivers can actually increase bandwidth 
while reducing noise. 

The way this is done is by bootstrapping out shield capaci- 
tance. The shield drivers follow the input signal. Since both 
sides of the shield capacitance swing the same amount, it is 
effectively out of the circuit at frequencies of interest. 
Hence, the input signal is not rolled off and AC CMRR is not 
degraded {Figure 8). The LM363’s shield drivers can handle 
capacitances (shield to center conductor) as high as 1 000 
pF with source resistances up to 1 00 kft. 

For best results, identical shielded cables should be used 
for both signal inputs, although small mismatches in shield 
driver to ground capacitance (^500 pF) do not cause prob- 
lems. At certain low values of cable capacitance (50 pF- 
200 pF), high frequency oscillations can occur at high 
source resistance (^ 10 kfl). This is alleviated by adding 


50 pF to ground at both shield driver outputs. Do not use 
only one shield driver for a single-ended signal as oscilla- 
tions can result; shield driver to input capacitance must be 
roughly balanced (±30%). To further reduce noise pickup, 
the shielded signal lines may be enclosed together in a 
grounded shield. If a large amount of RF noise is the prob- 
lem, the only sure cure is a filter capacitor at both inputs; 
otherwise the RFI may be internally rectified, producing an 
offset. 

DC loading on the shield drivers should be minimized. The 
drivers can only source approximately 40 /ixA; above this 
value the input stage bias voltages change, degrading Vqs 
and CMRR. While the shield drivers can sink several mA, 
Vos may degrade severely at loads above 100 juA (see 
Shield Driver Loading Error curve in Typical Performance 
Characteristics). Because the shield drivers are one diode 
drop above the input levels, unbalanced leakage paths from 
shield to input can produce an input offset at high source 
impedances. Buffering with emitter-followers {Figure 8b) re- 
duces this leakage current by reducing the voltage differen- 
tial and eliminates any loading on the amplifier. 



t- 15V 



b. NPN Followers to Reduce Offsets 

TL/H/5609-16 

FIGURE 8. Driving Shielded Cables 
MISCELLANEOUS TRIMMING 

The Vqs adjust and shield driver pins available on the 16- 
pin package may be used to trim the other parameters be- 
sides offset voltage, as illustrated in Figure 10. The bias-cur- 
rent trim relies on the fact that the voltage on the shield 
driver and gain setting pins is one diode drop respectively 
above and below the input voltage. Input bias current can 
be held to within 100 pA over the entire common-mode 
range, and input offset current always stays under 30 pA. 
The CMRR trims use the shield driver pins to drive the Vqs 
adjust pins, thus maintaining the LM363’s ultra-high input 
impedance. 
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Application Hints (Continued) 

If power supply rejection is critical, frequently only the nega- 
tive PSRR need be adjusted, since the positive PSRR is 
more tightly specified. Any or all of the trim schemes of 
Figure 10 can be combined as desired. As long as the cen- 
ter tap of the 100k trimpot is returned to a voltage 200 mV 
below V+, the trim schemes shown will not greatly affect 


Vos- Both the gain and DC CMRR trims can degrade posi- 
tive PSRR; the positive PSRR can then be nulled out if de- 
sired. The correct order of trimming from first to last is bias 
current, gain, CMRR, negative PSRR, positive PSRR and 
Vos- 

Top Trace: Cable Shield Grounded 



LM363 OUTPUT 1V/0IV 
100 fiS/DIV 


TL/H/5609-17 



Bottom Trace: Cable Shield Bootstrapped 



FIGURE 9. Improved Response using Shield Drivers 




15V 



15V 



15V 



-15V — 


c. DC CMRR 


15V 



d. AC CMRR 


e. Negative PSRR 

FIGURE 10. Other Trims for 16-Pin Package 


f. Positive PSRR 

TL/H/5609-19 
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Typical Applications 


4 mA-20 mA Two Wire Current Transmitter 



The LM329 reference provides excellent line regulation and gain stability. When bridge is balanced 
0 out = 4 mA), there’s no drop across R3 and R4, so that gain and offset adjustments are non-in- 
teractive. The LM334 configured as a zero-TC current source supplies quiescent current to circuit. 
R11 provides current limiting. 

Design Equations 

I 0S = (IR6+IR7) ( 1+ j^) =4mA 


AloUT^ Av R2+ R3 + R4 ^10 mA 
AV| N = rT X R3 + R4 = mV 


when Av = LM363 voltage gain 


Pick l 334 = 


0.68V 68 mV 


•max = I334 + 


V z — 2.4V 
R11 


= 26 mA 


TL/H/5609-20 


•BRIDGE(MAX) s 1334-1363‘lz = 1-5mA 


Precision Op Amp 

Hf 



Select for optimum square wave response. Omit for closed loop 
gains above 100. Not required for instrumentation amplifier con- 
figuration. 


Precision Voltage to Current Converter 
(Low Input Voltage) 



► Iqut 


Precision Current Source 
(Low Output Current) 



R1=R2 

Req = R1 |j 50 kft 
GV| N GVim 
0UT Req 1 kn 


R1=R2 


•out = 


V|N 
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Typical Applications (Continued) 

Curvature Corrected Platinum RTD Thermometer 




*70k and 2k should track to 5 ppm/°C 
**Less than 5 ppm/°C drift 
TLess than 100 ppm/°C drift 
ttThese resistors should track to 20 ppm/°C 
^Equivalent circuit, showing lead resistance 


This thermometer is cabable of 0.01°C accuracy over -50°C to 
+ 1 50°C. A unique trim arrangement eliminates cumbersome trim inter- 
actions so that zero, gain, and nonlinearity correction can be trimmed in 
one oven trip. Extra op amps provide full Kelvin sensing on the sensor 
without adding drift and offset terms found in other designs. A2 is con- 
figured as a Howland current pump, biasing the sensor with a fixed 
current. 


Resistors R2, R3, R4 and R5 from a bridge driven into balance by A1 . In 
balance, both inputs of A1 are at the same voltage. Since R6=R7, A1 
draws equal currents from both legs of the bridge. Any loading of the 
R4/R5 leg by the sensor would unbalance the bridge; therefore, both 
bridge taps are given to the sensor open circuit voltage and no current 
is drawn. 



THERMAL FEEDBACK 


*Ultronix 105A wirewound 
Thermistor = Yellow Springs #44032 
Setpoint stability = 2.5X1 Q-4°C/Hr 


TL/H/5609-24 
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Typical Applications (Continued) 

Synchronous Demodulator 


SQUARE WAVE CLOCK 



*Use square wave drive produced by optical chopper to run LF13333 switch inputs. 


TL/H/5609-28 


Pulsed Bridge Driver/Amplifier 



without overdissipation 


TL/H/5609-29 
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National 

Semiconductor 


Surface Mount 


Cost pressures today are forcing many electronics manu- 
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be- 
cause: 

1 . The mounting of devices on the PC board surface elimi- 
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re- 
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 


SURFACE MOUNT PACKAGING AT NATIONAL 

To help our customers take advantage of this new technolo- 
gy, National has developed a line of surface mount pack- 
ages. Ranging in lead counts from 3 to 360, the package 
offerings are summarized in Table 1. 

Lead center spacing keeps shrinking with each new genera- 
tion of surface mount package. Traditional packages (e.g., 
DIPs) have a 100 mil lead center spacing. Surface mount 
packages currently in production (e.g., SOT, SOIC, PCC, 
LCC, LDCC) have a 50 mil lead center spacing. Surface 
mount packages in production release (e.g., PQFP) have a 
25 mil lead center spacing. Surface mount packages in de- 
velopment (e.g., TAPEPAK®) will have a lead center spac- 
ing of only 12-20 mils. 


TABLE I. Surface Mount Packages from National 
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Surface Mount 


LINEAR PRODUCTS IN SURFACE MOUNT 

Linear functions available in surface mount include: 

• Op amps 

• Comparators 

• Regulators 

• References 

• Data conversion 

• Industrial 

• Consumer 

• Automotive 

A complete list of linear part numbers in surface mount is 
presented in Table III. Refer to the datasheet in the appro- 
priate chapter of this databook for a complete description of 
the device. In addition, National is continually expanding the 
list of devices offered in surface mount. If the functions you 
need do not appear in Table III, contact the sales office or 
distributor branch nearest you for additional information. 
Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi- 
conductors are carried on a single Tape-and-Reel pack (see 
ordering and shipping information — printed later in this sec- 
tion — for a comparison of devices/reel vs. devices/rail for 
those surface mount package types being used for linear 
products). With this higher device count per reel (when com- 
pared with less than a 1 00 devices per rail), pick-and-place 
machines have to be re-loaded less frequently and lower 
labor costs result. 

With Tape-and-Reel, manufacturers save twice — once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship- 
ment and machine set-up. 

BOARD CONVERSION 

Besides new designs, many manufacturers are converting 
existing printed circuit board designs to surface mount. The 
resulting PCB will be smaller, lighter and less expensive to 
manufacture; but there is one caveat — be careful about the 
thermal dissipation capability of the surface mount package. 
Because the surface mount package is smaller than the tra- 
ditional dual-in-line package, the surface mount package is 
not capable of conducting as much heat away as the DIP 
(i.e., the surface mount package has a higher thermal resist- 
ance — see Table II). 

The silicon for most National devices can operate up to a 
150°C junction temperature (check the datasheet for the 
rare exception). Like the DIP, the surface mount package 
can actually withstand an ambient temperature of up to 
125°C (although a commercial temperature range device 
will only be specified for a max ambient temperature of 70°C 
and an industrial temperature range device will only be 
specified for a max ambient temperature of 85°C). See 
AN-336, “Understanding Integrated Circuit Package Power 
Capabilities”, (reprinted in the appendix of each linear data- 
book volume) for more information. 


TABLE II: Surface Mount Package 
Thermal Resistance Range* 


Package 

Thermal Resistance** 

(0 iA ,°C/W) 

SO-8 

120-175 

SO-14 

100-140 

SO-14 Wide 

70-110 

SO-16 

90-130 

SO-16 Wide 

70-100 

SO-20 

60-90 

SO-24 

55-85 

PCC-20 

70-100 

PCC-28 

60-90 

PCC-44 

40-60 


♦Actual thermal resistance for a particular device depends on die size. 
Refer to the datasheet for the actual 0jA value. 

♦♦Test conditions: PCB mount (FR4 material), still air (room temperature), 
copper traces (1 50 X 20 X 1 0 mils). 

Given a max junction temperature of 150°C and a maximum 
allowed ambient temperature, the surface mount device will 
be able to dissipate less power than the DIP device. This 
factor must be taken into account for new designs. 

For board conversion, the DIP and surface mount devices 
would have to dissipate the same power. This means the 
surface mount circuit would have a lower maximum allowa- 
ble ambient temperature than the DIP circuit. For DIP cir- 
cuits where the maximum ambient temperature required is 
substantially lower than the maximum ambient temperature 
allowed, there may be enough margin for safe operation of 
the surface mount circuit with its lower maximum allowable 
ambient temperature. But where the maximum ambient tem- 
perature required of the DIP current is close to the maxi- 
mum allowable ambient temperature, the lower maximum 
ambient temperature allowed for the surface mount circuit 
may fall below the maximum ambient temperature required. 
The circuit designer must be aware of this potential pitfall so 
that an appropriate work-around can be found to keep the 
surface mount package from being thermally overstressed 
in the application. 

SURFACE MOUNT LITERATURE 

National has published extensive literature on the subject of 
surface mount packaging. Engineers from packaging, quali- 
ty, reliability, and surface mount applications have pooled 
their experience to provide you with practical hands-on 
knowledge about the construction and use of surface mount 
packages. 

The applications note AN-450 “Surface Mounting Methods 
and their Effect on Product Reliability” is referenced on 
each SMD datasheet. In addition, “Wave Soldering of Sur- 
face Mount Components” is reprinted in this section for your 
information. 
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TABLE III. Linear Surface Mount Current Device Listing 


Amplifiers and Comparators 


Part Number 

Part Number 

LF347WM 

LM392M 

LF351M 

LM393M 

LF451CM 

LM741CM 

LF353M 

LM1458M 

LF355M 

LM2901M 

LF356M 

LM2902M 

LF357M 

LM2903M 

LF444CWM 

LM2904M 

LM10CWM 

LM2924M 

LM10CLWM 

LM3403M 

LM308M 

LM4250M 

LM308AM 

LM324M 

LM310M 

LM339M 

LM311M 

LM365WM 

LM318M 

LM607CM 

LM319M 

LMC669BCWM 

LM324M 

LMC669CCWM 

LM339M 

LF441CM 

LM346M 


LM348M 


LM358M 


LM359M 



Regulators and References 


Part Number 

Part Number 

LM317LM 

LF3334M 

LM2931 M-5.0 

LM3524M 

LM78L05ACM 

LM78L12ACM 

LM78L15ACM 

LM336M-2.5 

LF336BM-2.5 

LM336M-5.0 

LM336BM-5.0 

LM337LM 

LM79L05ACM 

LM79L12ACM 

LM79L15ACM 

LP2951ACM 

LP2951CM 

LM385M 

LM385M-1.2 

LM385BM-1.2 

LM385M-2.5 

LM385BM-2.5 

LM723CM 

LM2931CM 



Data Acquisition Circuits 


Part Number 

Part Number 

ADC0802LCV 

ADC1025BCV 

ADC0802LCWM 

ADC1 025CCV 

ADC0804LCV 

DAC0800LCM 

ADC0804LCWM 

DAC0801 LCM 

ADC0808CCV 

DAC0802LCM 

ADC0809CCV 

DAC0806LCM 

ADC081 1BCV 

DAC0807LCM 

ADC081 1CCV 

DAC0808LCM 

ADC0819BCV 

DAC0830LCWM 

ADC0819CCV 

DAC0830LCV 

ADC0820BCV 

DAC0832LCWM 

ADC0820CCV 

DAC0832LCV 

ADC0838BCV 


ADC0838CCV 


ADC0841BCV 


ADC0841CCV 


ADC0848BCV 


ADC0848CCV 


ADC1005BCV 


ADC1 005CCV 



Industrial Functions 


Part Number 

Part Number 

AH5012CM 

LM13600M 

LF13331M 

LM13700M 

LF13509M 

LMC555CM 

LF13333M 

LM567CM 

LM555CM 

MF4CWM-50 

LM556CM 

MF4CWM-100 

LM567CM 

MF6CWM-50 

LM1496M 

MF10CCWM 

LM2917M 

MF6CWM-100 

LM3046M 

MF5CWM 

LM3086M 


LM3146M 



Commercial and Automotive 


Part Number 

Part Number 

LM386M-1 

LM1837M 

LM592M 

LM1851M 

LM831M 

LM1863M 

LM832M 

LM1865M 

LM833M 

LM1870M 

LM837M 

LM1894M 

LM838M 

LM1964V 

LM1131CM 

LM2893M 


LM3361 AM 


LM1881M 
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Surface Mount 


Hybrids 


Part Number 

Part Number 

LH0002E 

LH0032E 

LH4002E 

LH0033E 


A FINAL WORD 

National is a world leader in the design and manufacture of 
surface mount components. 

Because of design innovations such as perforated copper 
leadframes, our small outline package is as reliable as our 
DIP — the laws of physics would have meant that a straight 
“junior copy” of the DIP would have resulted in an “S.O.” 
package of lower reliability. You benefit from this equiva- 
lence of reliability. In addition, our ongoing vigilance at each 
step of the production process assures that the reliability we 
designed in stays in so that only devices of the highest qual- 
ity and reliability are shipped to your factory. 

Our surface mount applications lab at our headquarters site 
in Santa Clara, California continues to research (and pub- 
lish) methods to make it even easier for you to use surface 
mount technology. Your problems are our problems. 

When you think “Surface Mount” — think “National”! 

Ordering and Shipping Information 

When you order a surface mount semiconductor, it will be in 
one of the several available surface mount package types. 
Specifying the Tape-and-Reel method of shipment means 
that you will receive your devices in the following quantities 
per Tape-and-Reel pack: SMD devices can also be supplied 
in conventional conductive rails. 


Package 

Package 

Designator 

Max/Rail 

Per Reel* 

SO-8 

M 

100 

2500 

SO-14 

M 

50 

2500 

SO-14 Wide 

WM 

50 

1000 

SO-16 

M 

50 

2500 

SO-16 Wide 

WM 

50 

1000 

SO-20 

M 

40 

1000 

SO-24 

M 

30 

1000 

PCL-20 

V 

50 

1000 

PCL-28 

V 

40 

1000 

PCL-44 

V 

25 

500 

PQFP-1 96 

VF 

TBD 

— 

TP-40 

TP 

100 

TBD 

LCC-20 

E 

50 

— 

LCC-44 

E 

25 

— 


’Incremental ordering quantities. (National Semiconductor reserves the right 
to provide a smaller quantity of devices per Tape-and-Reel pack to preserve 
lot or date code integrity. See example below.) 

Example: You order 5,000 LM324M ICs shipped in Tape- 
and-Reel. 

• Case 1 : All 5,000 devices have the same date code 

• You receive 2 SO-14 (Narrow) Tape-and-Reel 
packs, each having 2500 LM324M ICs 

• Case 2: 3,000 devices have date code A and 2,000 de- 
vices have date code B 

•You receive 3 SO-14 (Narrow) Tape-and-Reel 
packs as follows: 

Pack #1 has 2,500 LM324M ICs with date code A 
Pack #2 has 500 LM324M ICs with date code A 
Pack #3 has 2,000 LM324M ICs with date code B 


Short-Form Procurement Specification 

TAPE FORMAT 


Direction of Feed 



Trailer (Hub End)* 

Carrier* 

Leader (Start End)* 


Empty Cavities, 

Empty Cavities, 

Filled Cavities 

Empty Cavities, 

Empty Cavities, 


min (Unsealed 

min (Sealed 

(Sealed 

min (Sealed 

min (Unsealed 


Cover Tape) 

Cover Tape) 

Cover Tape) 

Cover Tape) 

Cover Tape) 

Small Outline 1C 

SO-8 (Narrow) 

2 

2 

2500 

5 

5 

SO-1 4 (Narrow) 

2 

2 

2500 

5 

5 

SO-14 (Wide) 

2 

2 

1000 

5 

5 

SO-1 6 (Narrow) 

2 

2 

2500 

5 

5 

SO-16 (Wide) 

2 

2 

1000 

5 

5 

SO-20 (Wide) 

2 

2 

1000 

5 

5 

SO-24 (Wide) 

2 

2 

1000 

5 

5 

Plastic Chip Carrier 1C 

PCC-20 

2 

2 

1000 

5 

5 

PCC-28 

2 

2 

750 

5 

5 

PCC-44 

2 

2 

500 

5 

5 


’The following diagram identifies these sections of the tape and Pin # 1 device orientation. 
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SO-IC 

DEVICES 


PCC-IC 

DEVICES 


TL/XX/0026-8 


MATERIALS • Reel: 

• Cavity Tape: Conductive PVC (less than 10 5 Ohms/Sq) (1) Solid 80 pt fibreboard (standard) 

• Cover Tape: Polyester (2) Conductive fibreboard available 

(1) Conductive cover available (3) Conductive plastic (PVC) available 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 



DEVICE ORIENTATION 


t N 



T5^=q 


PIN 

_ . nnnnn 


c 

c 


X 

□ 

1 


u 

3 

c 


1 


H 

3 

c 


□ 


□ 

3 


— 


q 

3 


SO-IC 


UTJU QU 



PCC-IC 
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Surface Mount 


Short-Form Procurement Specification (continued) 


W 

P 

F 

E 

P 2 

Po 

D 

T 

A 0 

Bo 

K 0 

Di 


Small Outline 1C 

SO-8 

(Narrow) 

12 + .30 

8.0±.10 

5.5 ±.05 

1.75±.10 

2.0± .05 

4.0 ± .10 

1.55 ±.05 

.30±.10 

6.4±.10 

5.2± .10 

2.1 ±.10 

1.55 ±.05 

30 

SO-14 

(Narrow) 

16± .30 

8.0± .10 

7.5±.10 

1.75±.10 

2.0 ±.05 

4.0±.10 

1.55 ±.05 

.30±.10 

6.5 ±.10 

9.0 ± .10 

2.1 ±.10 

1.55 ±.05 

40 

SO-14 

(Wide) 

16 + .30 

12.0±.10 

7.5±.10 

1.75±.10 

2.0 ±.05 

4.0±.10 

1.55 ±.05 

.30±.10 

10.9±.10 

9.5±.10 

3.0±.10 

1.55 ±.05 

40 

SO-16 

(Narrow) 

16 ±.30 

8.0±.10 

7.5±.10 

1.75±.10 

2.0 ±.05 

4.0±.10 

1.55 ±.05 

.30 ±.10 

6.5 ±.10 

10.3±.10 

2.1 ±.10 

1.55 ±.05 

40 

SO-16 

(Wide) 

16 ±.30 

12.0±.10 

7.5±.10 

1.75±.10 

2.0 ±.05 

4.0±.10 

1.55 ±.05 

.30±.10 

10.9 + .10 

10.76 ±.10 

3.0±.10 

1.55 ±.05 

40 

SO-20 

(Wide) 

24 ±.30 

12.0 + .10 

11.5 + .10 

1.75±.10 

2.0 ±.05 

4.0 + .10 

1.55 ±.05 

.30 ±.10 

10.9±.10 

13.3± .10 

3.0±.10 

2.05 ±.05 

50 

SO-24 

(Wide) 

24 ±.30 

12.0±.10 

1 1 .5 ± .10 

1.75±.10 

2.0 ±.05 

4.0±.10 

1.55 ±.05 

.30± .10 

10.9±.10 

15.85 ±.10 

3.0±.10 

2.05 ±.05 

50 

Plastic Chip Carrier 1C 

PCC-20 

16 ±.30 

12.0±.10 

7.5± .10 

1 .75 ±.10 

2.0 ±.05 

4.0±.10 

1.55 ±.05 

.30 ±.10 

9.3±.10 

9.3±.10 

4.9±.10 

1.55 ±.05 

40 

PCC-28 

24 ±.30 

16.0 ±.10 

11.5±.10 

1 .75 ±.10 

2.0 ±.05 

4.0±.10 

1.55 ±.05 

.30±.10 

13.0±.10 

13.0±.10 

4.9±.10 

2.05 ±.05 

50 

Note 1: Ao, B 0 and Kq dimensio 
Note 2: Tape with components 
Note 3: Cavity tape material sha 
Note 4: Cover tape material sha 
Note 5: D-| Dimension is center* 

Note 6: All dimensions are in m 

REEL DIMENSIONS 

ns are measured 0.3 mm abov 

shall pass around a mandril ra 
II be PVC conductive (less tha 
II be polyester (30-65 grams 
3d within cavity. 

Dimeters. 

e 

dii 

n 

:e 

the ir 

js R v 

105 C 

el-bac 

side wall of the cavity bottom, 
vithout damage. 

)hms/Sq). 

;k force). 

T 

-B 

, — LABEL© 

/ ^ FULL RADIUS 

rface Mount Tape and Reel 

MAX 

G| 

TL/XX/0026-10 

/ 

STAR! 

0 

'M 

< 

'\ 

\ \~ 
) /_ 

* Su 
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Short-Form Procurement Specifications (Continued) 



A (Max) 

B (Min) 

C 

D (Min) 

N (Min) 

G 

T (Max) 

12 mm Tape 

SO-8 (Narrow) 

(13.00) 

.059 

.512± .002 

.795 

1.969 

CO o 
° 
o o 

+ l' 
CO 
CO 
•'3- 

o 

.724 



(330) 

1.5 

13±0.05 

20.2 

50 

I 2 - 4 1§ 

18.4 

16 mm Tape 

SO- 14 (Narrow) 
SO-14 (Wide) 
SO-1 6 (Narrow) 
SO-16 (Wide) 
PCC-20 

(13.00) 

(330) 

.059 

1.5 

.512±.002 

13 ±0.05 

.795 

20.2 

1.969 

50 

0.6461;™ 

16 - 4 1 0 2 

.882 

22.4 

24 mm Tape 

SO-20 (Wide) 
SO-24 (Wide) 
PCC-28 

(13.00) 

(330) 

.059 

1.5 

.512±.002 

13 ±0.05 

.795 

20.2 

1.969 

50 

0.960- pop 

24.4 + 2 

1.197 

30.4 

32 mm Tape 

PCC-44 

(13.00) 

.059 

.512±.002 

.795 

1.969 

1-2761.000 

1.512 

38.4 



(330) 

1.5 

13±0.05 

20.2 

50 

32.412 


.. . Inches 

Units: iwrir Z 

Millimeters 

Material: Paperboard (Non-Flaking) 


LABEL 

Human and Machine Readable Label is provided on reel. A 
variable (C.P.I) density code 39 is available. NSC STD label 
(7.6 C.P.I.) 

FIELD 

Lot Number 
Date Code 
Revision Level 
National Part No. I.D. 

Qty. 

EXAMPLE 

.LOT DATE REVISION 

/NUMBER /CODE /NUMBER 

LOT: EPb313b3KD27 D/C: MflbMM R: 

mmmmww — 

NSPN:*Mf17MHC02H /b3 QTY: ESOO 

IHHIIllllillllEIIllIlHinii IIBBIWI 

NATIONAL SEMICONDUCTOR PART NUMBER 

TL/XX/0026-1 1 

Fields are separated by at least one blank space. 

Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the 
tape. (This tape label is not available on current production.) 
National Semiconductor will also offer additional labels con- 
taining information per your specific specification. 


Wave Soldering of Surface 
Mount Components 

ABSTRACT 

In facing the upcoming surge of “surface mount technolo- 
gy”, many manufacturers of printed circuit boards have tak- 
en steps to convert some portions of their boards to this 
new process. However, as the availability of surface mount 
components is still limited, may have taken to mixing the 
lead-inserted standard dual-in-line packages (DIPs) with the 
surface mounted devices (SMDs). Furthermore, to take ad- 
vantage of using both sides of the board, surface-mounted 
components are generally adhered to the bottom side of the 
board while the top side is reserved for the conventional 
lead-inserted packages. If processed through a wave solder 
machine, the semiconductor components are now subject- 
ed to extra thermal stresses (now that the components are 
totally immersed into the molten solder). 

A discussion of the effect of wave soldering on the reliability 
of plastic semiconductor packages follows. This is intended 
to highlight the limitations which should be understood in 
the use of wave soldering of surface mounted components. 

ROLE OF WAVE-SOLDERING IN 
APPLICATION OF SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex- 
ists for retaining the use of the old wave-soldering machine. 
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Wave Soldering of Surface Mount Components (Continued) 


The reasons being: 

1) Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology 
such as vapor phase soldering requires substantial in- 
vestment in equipment and people. 

2) Due to the limited number of devices that are surface 
mount components, it is necessary to mix both lead in- 
serted components and surface mount components on 
the same board. 

3) Some components such as relays and switches are 
made of materials which would not be able to survive the 
temperature exposure in a vapor phase or IR furnace. 

PW BOARD ASSEMBLY PROCEDURES 

There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or combination of two or more 
methods. 

The various processes that may be employed are: 

A) Wave Solder before Vapor/ 1 R reflow solder. 

1. Components on the same side of PW Board. 

Lead insert standard DIPS onto PW Board Wave 
solder (conventional) 

Wash and lead trim 
Dispense solder paste on SMD pads 
Pick and place SMDs onto PW Board 
Bake 

Vapor phase/ 1 R reflow 
Clean 

2. Components on opposite side of PW Board. 

Lead insert standard DIPs onto PW Board 
Wave Solder (conventional) 

Clean and lead trim 
Invert PW Board 

Dispense solder paste on SMD pads 
Dispense drop of adhesive on SMD sites (optional 
for smaller components) 

Pick and place SMDs onto board 
Bake/Cure 

Invert board to rest on raised fixture 
Vapor/ 1 R reflow soldering 
Clean 

B) Vapor/ IR reflow solder then Wave Solder. 

1. Components on the same side of PW Board. 
Solder paste screened on SMD side of Printed 
Wire Board 
Pick and place SMDs 
Bake 

Vapor/ 1 R reflow 

Lead insert on same side as SMDs 
Wave solder 

Clean and trim underside of PCB 


C) Vapor/ 1 R reflow only. 

1 . Components on the same side of PW Board. 

Trim and form standard DIPs in “gull wing” config- 
uration 

Solder paste screened on PW Board 
Pick and place SMDs and DIPs 
Bake 

Vapor/ 1 R reflow 
Clean 

2. Components on opposite sides of PW Board. 
Solder paste screened on SMD-side of Printed 
Wire Board 

Adhesive dispensed at central location of each 

component 

Pick and place SMDs 

Bake 

Solder paste screened on all pads on DIP-side or 
alternatively apply solder rings (performs) on 
leads 

Lead insert DIPs 
Vapor/ 1 R reflow 
Clean and lead trim 

D) Wave Soldering Only 

1 . Components on opposite sides of PW Board. 
Adhesive dispense on SMD side of PW Board 
Pick and place SMDs 
Cure adhesive 

Lead insert top side with DIPs 

Wave solder with SMDs down and into solder bath 

Clean and lead trim 

All of the above assembly procedures can be divided into 
three categories for I.C. Reliability considerations: 

1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re- 
garding heat treatment to a semiconductor device. Howev- 
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo- 
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper- 
ation) or be partially immersed while in a ‘pallet’ where auto- 
matic wave or DIP soldering processes are used. It is, there- 
fore, possible to subject SMDs to solder heat under certain 
conditions and not cause catastrophic failures. 
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Wave Soldering of Surface Mount Components (Continued) 


THERMAL CHARACTERISTICS OF EFFECT ON PACKAGE PERFORMANCE BY 

MOLDED INTEGRATED CIRCUITS EPOXY-METAL SEPARATION 


Since Plastic DIPs and SMDs are encapsulated with a ther- 
moset epoxy, the thermal characteristics of the material 
generally correspond to a TM A (Thermo-Mechanical Analy- 
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper- 
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem- 
peratures exceeding its glass transition temperature. Metals 
(as used on lead frames, for example) do not have this char- 
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead 
frame material should be such to match its thermal expan- 
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal lead frame in a manner similar to that observed on bi- 
metallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the expoxy-metal interface. Howerver, if the 
package is subjected to temprature above its glass-tran- 
sition temperature, the epoxy will begin to expand much 
faster than the metal and the probability of separation is 
greatly increased. 

CONVENTIONAL WAVE-SOLDERING 

Most wave-soldering operations occur at temperatures be- 
tween 240-260°C. Conventional epoxies for encapsulation 
have glass-transition temperature between 140-170°C. An 
I.C. directly exposed to these temperatures risks its long 
term functionality due to epoxy/metal separation. 
Fortunately, there are factors that can reduce that element 
of risk: 

1) The PW board has a certain amount of heat-sink effect 
and tends to shield the components from the tempera- 
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem- 
perature between 120-1 50°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in a 
DIP would experience the solder temperature because 
the epoxy and die are standing above the PW board and 
out of the solder bath. 


In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil- 
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera- 
ture. If separation occurs, the flux residues and acid resi- 
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metallization over 
time and premature failure of the device in the field. 

VAPOR PHASE/IR REFLOW SOLDERING 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Operat- 
ing temperatures are 215°C (vapor phase) or 240°C (IR) and 
duration may also be longer (30 sec-60 sec). On the same 
theoretical basis, there should also be separation. However, 
in both these methods, solder paste is applied to the pads 
of the boards: no fluxes are used. Also, the devices are not 
immersed into the hot solder. This reduces the possibility of 
solder forcing itself into the epoxy-lead frame interface. Fur- 
thermore, in the vapor phase system, the soldering environ- 
ment is “oxygen-free” and considered “contaminant free”. 
Being so, it could be visualized that as far as reliability with 
respect to corrosion, both of these methods are advanta- 
geous over wave soldering. 

BIAS MOISTURE TEST 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a stream chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with- 
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to fail. 

This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 85°C and 
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FIGURE 1. Thermal Expansion and Glass Transition Temperature 
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Wave Soldering of Surface Mount Components (Continued) 


85% relative humidity. Once cycle of approximately 100 
hours has been shown to be equivalent to 2000 hours in the 
85/85 condition. Should the packages start to fail within the 
first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2000 hours of operation. 
Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac- 
tured and the workmanship or reliability standards. General- 
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

TEST RESULTS 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per- 
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave-soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 

TABLE IV. Vapor Phase vs. Wave Solder 

1 . Vapor phase (60 sec. exposure @ 21 5°C) 

= 9 failures/1723 samples 

= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 

= 16 failures/1 201 samples 

= 1 .3% (average over 27 sample lots) 

Package: SO-14lead 

Test: Bias moisture test 85% R.H., 

85°C for 2000 hours 
Device: LM324M 


In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder- 
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4000 hours 85/85 test. 
Results were compared for packages by itself against pack- 
ages which were surface-mounted onto a FR-4 printed wire 
board. 


TABLE V. Summary of Wave Solder Results 
(85% R.H./85°C Bias Moisture Test, 2000 hours) 
(# Failures/Total Tested) 



Unmounted 

Mounted 

Control/Vapor Phase 

15 sec @ 215°C 

0/114 

0/84 

Solder Dip 

2 sec @ 260°C 

2/144 (1.4%) 

0/85 

Solder Dip 

4 sec @ 260°C 

— 

0/83 

Solder Dip 

6 sec @ 260°C 

13/248 (5.2%) 

1/76 (1.3%) 

Solder Dip 

1 0 sec @ 260°C 

14/127 (11.0%) 

3/79 (3.8%) 

Package: SO-14 lead 

Device: LM324M 


Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the package 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In the second case where the pack- 
ages were mounted, the effect of severe temperature excur- 
sion was reduced. In any case, because of the repeated 
treatment, the package had failures when subjected in ex- 
cess of 6 seconds immersion in hot solder. The safety mar- 
gin is therefore recommended as maximum 4 seconds im- 
mersion. If packages were immersed longer than 4 sec- 
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 

Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var- 
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6000 hours in a 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 


TABLE VI. U.S. Manufacturers Integrated Circuits 
Reliability in Various Solder Environments 
(# Failure/Total Tested) 


Package 

SO-8 

Vapor 

Phase 

30 sec 

Wave 

Solder 

2 sec 

Wave 

Solder 

4 sec 

Wave 

Solder 

6 sec 

Wave 

Solder 

10 sec 

Manuf A 

8/30 * 

1/30* 

0.30 

12/30* 

16/30* 

Manuf B 

2/30* 

8/30* 

2/30* 

22/30* 

20/30* 

Manuf G 

0/30 

0/29 

0/29 

0/30 

0/30 

Manuf D 

1/30* 

0/30 

o 

CO 

cvi 

14/30* 

2/30* 

Manuf E 

1/30** 

0/30 

0/30 

0/30 

0/30 

Manuf F 

0/30 

0/30 

0/30 

0/30 

0/30 

Manuf G 

0/30 

0/30 

0/30 

0/30 

0/30 


*Corrosion-failures 

**No Visual Defects — Non-corrosion failures 
Test: Accelerated Bias Moisture Test; 85% R.H./85°C, 6000 equivalent 
hours. 

SUMMARY 

Based on the results presented, it is noted that surface- 
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be- 
ing totally immersed in a hot solder wave during printed cir- 
cuit board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer- 
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem- 
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi- 
al. The results indicate that one should limit the immersion 
time of package in the solder wave to a maximum of 4 sec- 
onds in order to truly duplicate the reliability of a DIP. As the 
package size is reduced, as in a SO-8 lead, the requirement 
becomes even more critical. This is shown by the various 
manufacturers’ performance. Results indicate there is room 
for improvement since not all survived the hot solder immer- 
sion without compromise to lower reliability. 
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Small Outline (SO) Package 
Surface Mounting Methods- 
Parameters and Their 
Effect on Product Reliability 


National Semiconductor 
Application Note 450 
Josip Huljev 
W. K. Boey 



The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 


S.O. Package 

riHHHHHHH 

I 1 

i i 

I I 

— J U — TYPICALLY 0.050" LEADSPACING 


TL/F/8766-1 


Standard DIP Package 



Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 



FIGURE A 


In order to achieve reliability performance comparable to 
DIPs — SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85% RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface- 
mounted components. 

o Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface- 
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 
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AN-450 



AN-450 


Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 



TL/F/8766-5 


Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 



DWELL TIME 

TL/F/8766-6 

FIGURE B 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 1 60°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T g ) of epoxy (typically 160-1 65°C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 
Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 — Standard DIP package 
Group 2 — SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4 — dwell time 4 seconds 

5 — dwell time 6 seconds 

6 — dwell time 10 seconds 



TEST TIME (HRS) 
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FIGURE D 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 


The basic component-placement systems available are 
classified as: 

(a) In-line placement 

— Fixed placement stations 

— Boards indexed under head and respective compo- 
nents placed 

(b) Sequential placement 

— Either a X-Y moving table system or a 0, X-Y moving 
pickup system used 

— Individual components picked and placed onto boards 

(c) Simultaneous placement 
— Multiple pickup heads 

— Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

— X-Y moving table, multiple pickup heads system 
— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 
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BAKE 

This is recommended, despite claims made by some solder 

paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili- 
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 

The boards are preheated to about 1 00°C and then subject- 
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 21 5°C vapor (most applications) or FX-38 

• FC-71 , 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 


In-Line Conveyorized Vapor-Phase Soldering 

CONDENSATION 



The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 


Vapor-Phase Furnace 
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Batch-Fed Production Vapor-Phase Soldering Unit 

SECONDARY 
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Solder Joints on a SO-14 Package on PCB 
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PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

o G10 or FR4 glass/resin 
° FR5 glass/resin systems for high-temperature 
applications 

° Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

— Good pattern resolution. 

— Complete coverage of circuit lines and resistance to 
flaking during soldering. 

— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

— Compatible with soldering and cleaning requirements. 
SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 


Solder Joints on a SO-14 Package on PCB 
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The typical lithographic “footprints” for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 

• Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed %" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 

RECOMMENDED SOLDER PADS FOR SO PACKAGES 
SO-8, SO-14, SO-16 


0.045" ±0.005" 




0.245" 

MIN 


0.160" 

±0.005" 


■ III 

0.030" ±0.005" — -| |— — l |—0.050" 


TYP 
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SOT-23 


330" ±0.005" — 
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h— 
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.120" MIN __Jo.035"l 0 060 ' 

1 j TYP ±0.00! 
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• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 


SO-16L, SO-20 




0.325" ±0.005" 


■ III 

0.030" ±0.005" -II — I I- 


0.045" 

±0.005" 


0.050" TYP 
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Comparison of Particle Size/Shape of Various Solder Pastes 


200 X Alpha (62/36/2) 
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200 X Kester (63/37) 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 

Freon TE35/TP35 (cold-dip cleaning) 

Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel- 
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol- 
vent spray /jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 


Hot-Air Solder Rework Station 



Hot-Air Rework Machine 
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lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 1 00°C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes “shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 
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(a) Same Side 


(b) Opposite Sides 



A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where “shadowing” occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “icicles,” and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 



CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 

to provide insulation resistance, as well as protection 

against contamination and degradation by moisture. 

Requirements: 

° Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/components. 

• Silicones are recommended where permissible in 
application. 
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SMD Lab Support 

FUNCTIONS 

Demonstration — Introduce first-time users to surface- 
mounting processes. 

Service — Investigate problems experienced by users on 
surface mounting. 

Reliability Builds — Assemble surface-mounted units for re- 
liability data acquisition. 


Techniques — Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment— In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise — Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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Appendix A 

General Product Marking & Code Explanation 


LF 356 N /A+ 

RELIABILITY PROGRAM (OPTIONAL) 

(REFER TO PROGRAM) 

L- PACKAGE TYPE (SEE BELOW) 

DEVICE NUMBER (GENERIC TYPE) AND 
SUFFIX LETTER (OPTIONAL) 

A: INPROVED ELECTRICAL SPECIFICATION 
C: COMMERCIAL TEMPERATURE RANGE 
(2ND SOURCE PRODUCTS) 

— DEVICE FAMILY (SEE BELOW) 

TL/XX/0027-1 


Device Family 

Integrated Circuits (IC’s) 


ADC 

Data Conversion 

AF 

Active Filter 

AH 

Analog Switch (Hybrid) 

AM 

Analog Switch (Monolithic) 

DAC 

Data Conversion 

DM 

Digital (Monolithic) 

HS 

Hybrid 

LF 

Linear (Bifet) 

LH 

Linear (Hybrid) 

LM 

Linear (Monolithic) 

LMC 

Linear CMOS 

LP 

Linear (Low Power) 

MF 

Linear (Monolithic Filter) 

SL 

Special Linear 

LMF 

Linear Monolithic Filter 


Package Type* 

IC’s Only 


D 

Glass/Metal DIP 

E 

Ceramic Leadless Chip Carrier (LCC) 

F 

Glass/Metal Flat Pak (%" x y 4 ") 

G 

12 Lead TO-8 M/C 

H 

Multi-Lead M/C 

H-05 

4 Lead M/C (TO-5) \ Shipped with 

H-46 

4 Lead M/C (TO-46) J Thermal Shield 

J 

Lo-Temp Ceramic DIP (Sometimes referred to as 
the “Fit-Seal” Package). 

J-8 

8 Lead Ceramic DIP (“MiniDIP”) 

J-14 

14 Lead Ceramic DIP (-14 used only when 
product is also available in -8 pkg). 

K 

TO-3 M/C in Steel, except LM309K 
which is shipped in Aluminum 

KC 

TO-3 M/C (Aluminum) 

K Steel 

TO-3 M/C (Steel) 

M 

Small Outline Package 

N 

Molded DIP (EPOXY B) 

N-01 

Molded DIP (Epoxy B) with Staggered Leads 

N-8 

8 Lead Molded DIP (Epoxy B) (“Mini-DIP”) 

N-14 

1 4 Lead Molded DIP (Epoxy B) 

(-14 used only when product is also 
available in -8 pkg). 

P 

3 Lead TO-202 PWR Pkg 

Q 

Cerdip with UV Window 

T 

3,5,1 1,15 & 23 Lead TO-220 PWR Pkg (Epoxy B) 

V 

Multi-lead Plastic Chip Carrier (PCC) 

W 

Lo-Temp Ceramic Flat Pak 

WM 

Wide Body Small Outline Package 


DATE CODE 
NON-MILITARY 

2ND DIGIT - CALENDAR YEAR 
3RD&4TH DIGITS -CALENDAR WORK WEEK 


MILITARY -883B&M385 10 

1ST&2ND DIGITS -CALENDAR YEAR 
3RD&4TH DIGITS -CALENDAR WORK WEEK 
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Appendix B Application Note Referenced by Part Number 


National 

Semiconductor Appendix b 


APPLICATION NOTE REFERENCED BY PART NUMBER 


National Semiconductor Linear Application notes are normally written to explain 
the operation and use of a particular device or family of IC’s, or to present alterna- 
tive technical solutions. The following PART NUMBER index references the pub- 
lished application notes that would offer application assistance for those specific 
IC’s. 

The 1986 Linear Applications Handbook is a complete text for all current Applica- 
tion Notes for both Monolithic and Hybrid products. Specific Application Notes are 
available upon request through National Semiconductor Sales Offices. 


DEVICE NUMBER APPLICATION NOTE 

ADCXXXX AN-156 

ADC80 AN-360 

ADC0801 AN-233, AN-271, AN-274, AN-280, AN-281, AN-294, LB-53 

ADC0802 AN-233, AN-274, AN-280, AN-281 , LB-53 

ADC0803 AN-233, AN-274, AN-280, AN-281, LB-53 

ADC0804 AN-233, AN-274, AN-276, AN-280, AN-281 , LB-53 

ADC0805 AN-233, AN-274, AN-280, AN-281 , LB-53 

ADC0808 AN-247, AN-280, AN-281 

ADC0809 AN-247, AN-280 

ADC0816 AN-193, AN-247, AN-258, AN-280 

ADC081 7 AN-247, AN-258, AN-280 

ADC0820 AN-237 

ADC0831 AN-280, AN-281 

ADC0832 AN-280, AN-281 

ADC0833 AN-280, AN-281 

ADC0834 AN-280, AN-281 

ADC0838 AN-280, AN-281 

ADC1001 AN-276, AN-280, AN-281 

ADC1005 AN-280 

ADC1210 AN-245 

ADC3501 AN-200, AN-202 

ADC3511 AN-200 

ADC3701 AN-200 

ADC3711 AN-200 

AH0014 AN-38 

AH0019 AN-38 

CD4016 AB-10 

DACXXXX AN-156 

DAC0830 AN-284 

DAC0831 AN-271, AN-284 

DAC0832 AN-271, AN-284 

DAC1000 AN-271, AN-275, AN-277, AN-284 

DAC1 001 AN-271 , AN-275, AN-277, AN-284 

DAC1002 AN-271, AN-275, AN-277, AN-284 

DAC1006 AN-271, AN-275, AN-277, AN-284 

DAC1007 AN-271, AN-275, AN-277, AN-284 
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DEVICE NUMBER APPLICATION NOTE 

D AC 1008 AN-271, AN-275, AN-277, AN-284 

D AC 1020 AN-263, AN-269, AN-293, AN-294, AN-299 

D AC 1021 AN-269 

D AC 1022 AN-269 

DAC1208 AN-271, AN-284 

D AC 1209 AN-271, AN-284 

DAC1210 AN-271, AN-284 

DAC1218 AN-293 

D AC 1220 AN-253, AN-269 

D AC 1221 AN-269 

D AC 1222 AN-269 

D AC 1230 AN-284 

DAC1231 AN-271, AN-284 

DAC1232 AN-271, AN-284 

D AC 1280 AN-261, AN-263 

DH0034 AN-253 

DH0035 AN-49 

DS8606 AN-381, AN-382 

DS8608 AN-382 

DTI 058 AN-287 

DTI 060 AN-287 

DTSW250E2 AN-287 

DTSW250GI AN-287 

INS8070 AN-260 

LF111 LB-39 

LF155 AN-263, AN-447 

LF198 AN-245, AN-294 

LF311 AN-301 

LF347 AN-256, AN-262, AN-263, AN-265, AN-266, AN-301 , AN-344, AN-447 

LF351 AN-242, AN-263, AN-266, AN-271 , AN-275, AN-293, AN-447, Appendix C 

LF351A AN-240 

LF351B Appendix D 

LF353 AN-256, AN-258, AN-263, AN-264, AN-271 , AN-285, AN-293, AN-447, LB-44, Appendix D 

LF356 AN-253, AN-258, AN-260, AN-263, AN-266, AN-271, AN-272, 

AN-275, AN-293, AN-294, AN-295, AN-301 , AN-447 

LF357 AN-263, AN-447, LB-42 

LF398 AN-247, AN-258, AN-266, AN-294, AN-298, LB-45 

LF400 AN-428, AN-447 

LF41 1 AN-294, AN-301 , AN-344, AN-447 

LF412 AN-272, AN-299, AN-301 , AN-344, AN-447 

LF441 AN-301, AN-447 

LF13006 AN-344 

LF13007 AN-344 

LF13331 AN-294, AN-447 

LF13508 AN-289, AN-360, AN-447 

LF13509 AN-289, AN-295, AN-447 

LH0002 AN-13, AN-63, AN-227, AN-244, AN-263, AN-272, AN-301 

LH0022 AN-63, AN-75 

LH0023 AN-245, AN-360 

LH0024 AN-253 

LH0032 AN-242, AN-244, AN-253 

LH0033 AN-48, AN-1 1 5, AN-227, AN-253 

LH0042 AN-63 
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Appendix B Application Note Referenced by Part Number 


DEVICE NUMBER APPLICATION NOTE 

LH0043 AN-245 

LH0052 AN-63 

LH0053 AN-245 

LH0062 AN-75 

LH0063 AN-227 

LH0070 AN-301 

LH0071 AN-245 

LH0082 AN-244, AN-266 

LH0086 AN-245, AN-360 

LH0091 AN-180 

LH0094 AN-301 

LH0101 AN-261 

LH1605 AN-343 

LM1 0 AN-21 1 , AN-247, AN-258, AN-271 , AN-288, AN-299, AN-300 

LM1 1 AN-241 , AN-242, AN-260, AN-266, AN-271 

LM12 AN-446 

LM101 AN-4, AN-13, AN-20, AN-24, AN-75, LB-42, Appendix A 

LM101A AN-29, AN-30, AN-31, AN-79, AN-241, LB-1, LB-2, LB-4, LB-8, 

LB-14, LB-16, LB-19, LB-28 

LM1 02 AN-4, AN-1 3, AN-30, LB-1 , LB-5, LB-6, LB-1 1 

LM103 AN-1 10, LB-41 

LM104 AN-21, LB-3, LB-7, LB-10, LB-40 

LM105 AN-21, AN-23, AN-110, LB-3, LB-7, LB-10 

LM106 AN-41, LB-6, LB-12 

LM1 07 AN-20, AN-31 , LB-1 , LB-1 2, LB-1 9, Appendix A 

LM108 AN-29, AN-30, AN-31, AN-63, AN-79, AN-211, AN-241, LB-14, LB-15, LB-21 

LM108A AN-260, LB-15, LB-19 

LM109 AN-42, LB-15 

LM109A LB-15 

LM110 LB-11, LB-42 

LM111 AN-41, AN-103, LB-12, LB-16, LB-32, LB-39 

LM112 AN-63, LB-1 9 

LM113 AN-56, AN-110, LB-21, LB-24, LB-28, LB-37 

LM1 17 AN-1 78, AN-1 81 , AN-1 82, LB-46, LB-47 

LM117HV LB-46, LB-47 

LM1 18 LB-1 7, LB-1 9, LB-21 , LB-23, Appendix A 

LM119 AN-1 15, LB-23 

LM120 AN-182 

LM1 21 AN-79, AN-1 04, AN-1 84, AN-260, LB-22 

LM121A LB-32 

LM122 AN-97, LB-38 

LM125 AN-82 

LM126 AN-82 

LM129 AN-1 73, AN-1 78, AN-262, AN-266 

LM131 AN-210, Appendix D 

LM131A AN-210 

LM134 LB-41 

LM135 AN-225, AN-262, AN-292, AN-298 

LM137 LB-46 

LM137HV LB-46 

LM138 LB-46 

LM139 AN-74 

LM143 AN-1 27, AN-271 

LM148 AN-260 
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DEVICE NUMBER APPLICATION NOTE 

LM150 LB-46 

LM158 AN-116 

LM160 AN-87 

LM161 AN-87, AN-266 

LM163 AN-295 

LM194 AN-222, LB-21 

LM195 AN-110 

LM199 AN-1 61, AN-260, AN-360 

LM199A AN-161 

LM211 LB-39 

LM216A LB-37 

LM231 AN-210 

LM231A AN-225 

LM235 AN-225 

LM239 AN-74 

LM258 AN-116 

LM260 AN-87 

LM261 AN-87 

LM301A AN-1 78, AN-1 81 , AN-222 

LM304 LB-40 

LM308 AN-88, AN-184, AN-272, LB-22, LB-28, Appendix D 

LM308A AN-225, LB-24 

LM309 AN-1 78, AN-1 82 

LM31 1 AN-41 , AN-1 03, AN-260, AN-263, AN-288, AN-294, 

AN-295, AN-307, LB-12, LB-16, LB-18, LB-39 

LM313 AN-263 

LM316 AN-258 

LM317 AN-178, LB-35, LB-46 

LM317H LB-47 

LM31 8 AN-1 1 5, AN-299, LB-21 

LM319 AN-1 15, AN-271, AN-293 

LM320 AN-288 

LM321 LB-24 

LM324 AN-88, AN-258, AN-274, AN-284, AN-301, LB-44, AB-25, Appendix C 

LM329 AN-256, AN-263, AN-284, AN-295, AN-301 

LM329B AN-225 

LM330 AN-301 

LM331 AN-210, AN-240, AN-265, AN-278, AN-285, AN-311, LB-45, Appendix, C Appendix D 

LM331A AN-210, Appendix C 

LM334 AN-242, AN-256, AN-284 

LM335 AN-225, AN-263, AN-295 

LM336 AN-202, AN-247, AN-258 

LM337 LB-46 

LM338 LB-49, LB-51 

LM339 AN-74, AN-245, AN-274 

LM340 AN-1 03, AN-182 

LM340L AN-256 

LM342 AN-288 

LM346 AN-202, LB-54 

LM347 LB-44 

LM348 AN-202, LB-42 

LM349 LB-42 

LM358 AN-1 1 6, AN-247, AN-271 , AN-274, AN-284, AN-298, Appendix C 

LM358A Appendix D 
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Appendix B Application Note Referenced by Part Number 


DEVICE NUMBER APPLICATION NOTE 

LM359 AN-278, AB-24 

LM360 AN-87 

LM361 AN-87, AN-294 

LM363 AN-271 

LM380 AN-69, AN-1 46 

LM381 AN-64, AN-1 04 

LM382 AN-147 

LM385 AN-242, AN-256, AN-301, AN-344 

LM386 LB-54 

LM389 AN-256, AN-263, AN-264, AN-274 

LM391 AN-272 

LM392 AN-274, AN-286 

LM393 AN-271 , AN-274, AN-293 

LM394 AN-262, AN-263, AN-264, AN-271 , AN-293, AN-299, AN-31 1 , LB-52 

LM395 AN-1 78, AN-1 81 , AN-262, AN-263, AN-266, AN-301 , LB-28 

LM399 AN-184 

LM555 AB-7 

LM556 AB-7 

LM565 AN-46, AN-146 

LM566 AN-146 

LM567 AN-46 

LM709 AN-24, AN-30 

LM710 AN-41, LB-12 

LM725 LB-22 

LM741 AN-75, AN-79, LB-1 9, LB-22 

LM832 AN-386, AN-390 

LM833 AN-346 

LM1036 AN-390 

LM1310 AN-81 

LM1524 AN-272, AN-288, AN-292, AN-293 

LM1800 AN-81, AN-147 

LM1812 AB-20 

LM1818 AN-407 

LM1820 LB-29 

LM1823 AN-391 

LM1828 Appendix B 

LM1830 AB-10 

LM1837 AN-407 

LM1845 Appendix B 

LM1863 AN-381, AN-382 

LM1865 AN-382, AN-390 

LM1870 AN-382 

LM1886 AN-402 

LM1889 AN-402 

LM1894 AN-384, AN-386, AN-390 

LM1897 AN-407 

LM2878 AN-147 

LM2889 AN-391, AN-402 

LM2907 AN-162 

LM2917 AN-162 

LM2931 AB-12 

LM2931CT AB-11 
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DEVICE NUMBER APPLICATION NOTE 

LM3045 AN-286 

LM3046 AN-1 46, AN-299 

LM3089 AN-147 

LM3524 AN-272, AN-288, AN-292, AN-293 

LM3820 AN-147, LB-29 

LM3900 AN-72, AN-263, AN-274, AN-278, LB-20, AB-24 

LM3909 AN-154 

LM3911 LB-27 

LM3914 LB-48, AB-25 

LM3915 AN-386 

LM3999 AN161 

LM4250 AN-88, LB-34 

LM7800 AN-178 

LM78L12 AN-146 

LMC835 AN-435 

LP324 AN-284 

MF10 AN-307 

MM1458 AN-116 

MM1558 AN-116 

MM1558C AN-116 

MM2716 LB-54 

MM54104 AN-252, AN-287, LB-54 

MM57110 AN-382 

MM74C00 AN-88 

MM74C02 AN-88 

MM74C04 AN-88 

MM74C948 AN-193 

MM74LS138 LB-54 

2N4339 AN-32 

LH4101 AN-480 

LM34/35 AN-460 

LM32900 AN-478 

LM3578 AB-30 

LPXXXX AN-462 

LM34 AN-462 

LM35 AN-462 

LM385 AN-462 

LMC13334 AN-462 

LP2950 AN-462 

LP2951 AN-462 

LP311 AN-462 

LP324 AN-462 

LP339 AN-462 

LP365 AN-462 
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Appendix C — Summary of Commercial Reliability Programs 



National 

Semiconductor 


Appendix C 

Summary of Commercial Reliability Programs 


General 

National Semiconductor Commercial Reliability Programs 
provide a broad range of off-the-shelf enhanced semicon- 
ductor products that supply an extra measure of quality and 
reliability needed in high-stress or difficult to service applica- 
tions. 

National’s A+ and B+ programs allow each individual cus- 
tomer to: 

• Minimize the need for incoming electrical inspection 

• Eliminate the need and associated costs of using inde- 
pendent testing laboratories 

• Reduction in infant mortality rate 

• Reduction in reworked board costs 

• Reduction in warranty and service costs 

A+ Product Enhancement 

The A+ Product Enhancement incorporates the benefits of 
the Multiple-Pass and Elevated Temperature along with 
“BURN-IN.” 

The A+ Program provides: 

• 100% Temperature Cycling 

• 100% Electrical Testing at Room and High Temperature 

• 100% Burn-In Testing Combining Increased Tempera- 
ture with Applied Voltage 

• Acceptable Quality Levels Greater than Industry Norm 


Typical A+ Flow is: 

• SEM 

• Assembly and Seal 

• Four Hour 150°C Bake 

° Five Temperature Cycles (0°C to + 100°C) 

• High Temperature Electrical Test 
® Electrical Test 

• Burn-In (160 hours at a minimum junction temperature of 
1 25°C) 

• DC Parametric and Function Tests 

• Tightened Quality Control Inspection Plans 

Note: Certain products may follow slightly different process flows dictated 
by specific capabilities and device characteristics, consult NSC. 

P— Product Enhancement 

The P+ product enhancement program applies to regulator 
devices and offers an added advantage. P+ involves a dy- 
namic self-heating burn-in that tests the thermal shutdown 
of the regulator. P+ is proven more effective than the stan- 
dard 125°C burn-in as an early screen for infant mortality 
defects. It sharply reduces the cost of testing incoming com- 
ponents. Reliability Report L-140 further explains the P + 
process. The following chart lists regulators which receive 
P + prior to shipment and at no additional cost. 


Device 

Package Types 

TO-3 

K STEEL 

TO-39 H 

TO-220 T 

TO-202 P 

TO-92 Z 

LM1 09/309 

X 

X 




LM1 17/317 

X 

X 

X 

X 


LM1 17HV/317HV 

X 

X 




LM1 20/320 

X 

X 

X 

X 


LM1 23/323 

X 





LM1 37/337 

X 

X 

X 

X 


LM1 37HV/337HV 

X 

X 




LM1 38/338 

X 





LM1 40/340 

X 

X 

X 

X 


LM1 45/345 

X 





LM1 50/250/350 

X 





LM1 96/396 

X 





LM2930/ 2935/ 2940/2984 



X 



LM2931 



X 


X 

LM78XX 



X 
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This appendix is intended to provide a brief overview of mili- 
tary products available from National Semiconductor. For 
further information, refer to our 1987 Reliability Handbook. 

MIL-M-38510 

The MIL-M-38510 Program, which is sometimes called the 
JAN 1C Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government- 
controlled specifications in government-certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC’s Qualified Products List (QPL) be- 
fore devices can be marked and shipped as JAN product. 
There are two processing levels specified within MIL-M- 
38510: Classes S and B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table III. 

Tables I and II explain the JAN device marking system. 
Copies of MIL-M-38510, the QPL, and other related docu- 
ments may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697-2179 

DESC Specifications 

DESC specifications are issued to provide standardized ver- 
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con- 
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National’s DESC specification offerings can 
be obtained from our franchised distributors, sales offices, 
or DESC. DESC is located in Dayton, Ohio. 


MIL-STD-883 

Although originally intended to establish uniform test meth- 
ods and procedures, MIL-STD-883 has also become the 
general specification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In- 
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par- 
agraph 1.2.1 of MIL-STD-883. 

National offers both 883 Class B and 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table III. 

As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa- 
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor- 
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con- 
trolled by our QA department. Individual copies are available 
upon request. 

Some of National’s older products are not completely com- 
pliant with MIL-STD-883 but are still required for use in mili- 
tary systems. These devices are screened to the same 
stringent requirements as 883 product but are marked 
“-MIL”. 

Military Screening Program (MSP) 

National’s Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta- 
ble III but are not subjected to Group C and D quality con- 
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 
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TABLE I. The MIL-M-38510 Part Marking 

J M38510 /XXXXXYYY 

^-Lead Finish 
A = Solder Dipped 
B = Tin Plate 
C = Gold Plate 
X = Any lead finish above 
is acceptable 

— Device Package 
(see Table II) 

Screening Level 

S, B, or C 

Device Number on 

Slash Sheet 

Slash Sheet Number 

For radiation hard devices 

this slash is replaced by the 
Radiation Hardness Assurance 
Designator (M,D, R, or H per 
paragraph 3.4.1. 3 of MIL-M- 
38510) 

MIL-M-38510 

JAN Prefix 

(which may be applied only to 
a fully conformant device per 
paragraphs 3.6.2.1 and 3.6.7 of 
MIL-M-38510) 

CI24-1 


TABLE II. JAN Package Codes 


38510 

Package 

Designation 

Microcircuit industry 
Description 

A 

14-Pin 1 /4" X 1 /4" (metal) flat pack 

B 

14-Pin 3/16" X1/4" flat pack 

C 

14-Pin 1/4" X 3/4" dual-in-line 

D 

14-Pin 1 /A" X 3/8" (ceramic) flat pack 

E 

16-Pin 1/4" X 3/8" dual-in-line 

F 

16-Pin 1 /A" X 3/8" (metal or ceramic) 
flat pack 

G 

8-pin TO-99 can or header 

H 

1 0-pin 1 /A" x 1 /A" (metal) flat pack 

1 

1 0-pin TO-1 00 can or header 

J 

24-pin 1/2" x 1-1/4" dual-in-line 

K 

24-pin 3/8" x 5/8" flat pack 

L 

24-pin 1/4" x 1-1/4" dual-in-line 

M 

1 2-pin TO-1 01 can or header 

N 

(Note 1) 

P 

8-pin 1/4" x3/8" dual-in-line 

Q 

40-pin 3/16" x 2-1/16" dual-in-line 

R 

20-pin 1/4" x 1-1/16" dual-in-line 

S 

20-pin 1/4" x 1/2" flat pack 

T 

(Note 1) 

U 

(Note 1) 

V 

18-pin 3/8" x 15/16" dual-in-line 

w 

22-pin 3/8" x 1-1/8" dual-in-line 

X 

(Note 1) 

Y 

(Note 1) 

z 

(Note 1) 

2 

20-terminal 0.350" x 0.350" chip carrier 

3 

28-terminal 0.450" x 0.450" chip carrier 


Note 1: These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 
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TABLE III. 100% Screening Requirements 


Screen 

Class S 

Class B 

Method 

Reqmt 

Method 

Reqmt 

1 . Wafer Lot Acceptance 

5007 

All Lots 


— 

2. Nondestructive Bond Pull 

2023 

100% 


— 

3. Internal Visual (Note 1) 

2010, Condition A 

100% 

2010, Condition B 

100% 

4. Stabilization Bake 

1 008, Condition C, 

24 hrs. Min. 

100% 

1008, Condition C, 

24 hrs. Min. 

100% 

5. Temp. Cycling (Note 2) 

1010, Condition C 

100% 

1010, Condition C 

100% 

6. Constant Acceleration 

2001 , Condition E (Min.) 

Yi Orientation Only 

100% 

2001, Condition E, (Min.), 
Y-| Orientation Only 

100% 

7. Visual Inspection (Note 3) 


100% 


100% 

8. Particle Impact Noise Detection (PIND) 

2020, Condition A (Note 4) 

100% 


— 

9. Serialization 

(Note 5) 

100% 


— 

10. Interim (Pre-Burn-In) Electrical 

Parameters 

Per Applicable Device 
Specification (Note 13) 

100% 

Per Applicable Device 
Specification (Note 6) 

— 

11. Burn-In Test 

1015 

240 Hrs. @ 125°CMin. 
(Cond. F Not Allowed) 

100% 

1015 

160 Hrs. @ 125°C Min. 

100% 

12. Interim (Post-Burn-In) Electrical 

Parameters 

Per Applicable Device 
Specification (Note 1 3) 

100% 



1 3. Reverse Bias Burn-In (Note 7) 

1 01 5; Test Condition A, C, 
72 Hrs. @ 150°C Min. 

(Cond. F Not Allowed) 

100% 


— 

1 5. PDA Calculation 

5% Parametric (Note 14), 
3% Functional -25°C 

All Lots 

5% Parametric (Note 14) 

All Lots 

1 6. Final Electrical T est 

a) Static Tests 

1) 25°C (Subgroup 1, Table 1, 5005) 

2) Max & Min Rated Operating Temp. 
(Subgroups 2, 3, Table 1, 5005) 

b) Dynamic Tests & Switching Tests, 25°C 
(Subgroups 4, 9, Table 1, 5005) 

c) Functional Test, 25°C 
(Subgroup 7, Table 1, 5005) 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 
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TABLE III. 100% Screening Requirements (Continued) 


Screen 

Class S 

Class B 

Method 

Reqmt 

Method 

Reqmt 

17. 

Seal Fine, Gross 

1014 

100%, (Note 8) 

1014 

100%, (Note 9) 

18. 

Radiographic (Note 1 0) 

2012 Two Views 

100% 


— 

19. 

Qualification or Quality Conformance 

Inspection Test Sample Selection 

(Note 11) 

Samp. 

(Note 11) 

Samp. 

20. 

External Visual (Note 1 2) 

2009 

100% 


100% 


Note 1: Unless otherwise specified, at the manufacturer’s option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g. bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 

Note 3: At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-M-38510, paragraph 4.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separate or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g. flatpacks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each 
inspection lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 19. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005 
Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and Record when past burn-in delta measurements are specified. 

Note 14: PDA shall apply to all static, dynamic, functional, and switching measurements at either 25°C or maximum rated operating temperature. 
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Military Analog Products Available From National Semiconductor 

Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


Device Type 

Mil * 

Class B 

883 

Class B 

Desc 

JAN 

AH0014D 

X 




AH0015D 

X 




AH0019D 

X 




LF111H 

X 




LF11201D 


X 



LF11202D 


X 



LF11331D 


X 



LF11332D 


X 



LF11333D 


X 



LF11508D 

X 




LF11509D 

X 




LF147D 


X 



LF155AH 


X 



LF155H 


X 


X 

LF155J-8 




X 

LF155W 




X 

LF156AH 


X 



LF156H 


X 


X 

LF156J-8 




X 

LF156W 




X 

LF157AH 


X 



LF157H 


X 



LF198H 


X 




LF411MH 


X 


X 

LF411W 




X 

LF412MH 


X 


X 

LF441MH 

X 




LF442MH 


X 



LF444MD 


X 



LH0002H 


X 

X 


LH0003H 

X 




LH0004H 

X 




LH0020G 

X 




LH0021K 

X 




LH0022D 

X 




LH0022H 

X 




LH0023G 

X 




LH0024H 

X 





Device Type 

Mir 

Class B 

883 

Class B 

Desc 

JAN 

LH0032G 

X 


X 


LH0033AG 

X 




LH0033G 

X 


X 


LH0036G 

X 




LH0038D 

X 




LH0041G 

X 




LH0042D 

X 




LH0042H 

X 




LH0043G 

X 




LH0044AH 

X 




LH0044H 

X 




LH0052H 

X 




LH0053G 

X 




LH0061K 

X 




LH0062D 

X 




LH0062H 

X 




LH0063K 

X 




LH0070-0H 

X 




LH0070-1H 

X 




LH0070-2H 

X 




LH0071-0H 

X 




LH0071-1H 

X 




LH0071-2H 

X 




LH0075G 

X 




LH0076G 

X 




LH0082D 

X 




LH0084D 

X 




LH0086D 

X 




LH0091D 

X 




LH0094D 

X 




LH00101 AK 

X 




LH0101K 

X 




LH2101AD 


X 



LH2108AD 


X 



LH2108D 


X 



LH2110D 


X 



LH2111D 


X 



LH2111F 

X 





’Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL”. 
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Military Analog Products Available From National Semiconductor 

Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


Device Type 

Mir 

Class B 

883 

Class B 

Desc 

JAN 

LH24250F 

X 




LM10H 


X 



LM101AH 


X 


X 

LM101 AJ-14 


X 


X 

LM101AJ 


X 



LM101AW 




X 

LM102H 


X 



LM103H-3.0 


X 

X 


LM103H-3.3 


X 

X 


LM103H-3.6 


X 

X 


LM103H-3.9 


X 

X 


LM104H 


X 



LM105H 


X 



LM106H 


X 



LM107H 


X 



LM107J-14 


x 



LM107J 


X 



LM108AH 


X 


X 

LM108AJ-8 


X 


X 

LM108AJ 


X 



LM108AW 




X 

LM108H 


X 



LM108J-8 


X 



LM108J 


X 



LM109H 


X 



LM109KSTEEL 


X 



LM11H 


X 





X 





X 



omul 


X 



LM111H 


X 


X 

LM111J 


X 


X 

LM111W 




X 

LM112H 


X 



LM113-1H 


X 

X 


LM113-2H 


X 

X 


LM113H 


X 

X 


LM117H 


X 

X 

X 


Device Type 

Mir 

Class B 

883 

Class B 

Desc 

JAN 

LM117HVH 


X 

X 


LM1 17HVKSTL 


X 

X 


LM1 17KSTEEL 


X 

X 

X 

LM118H 


X 


X 

LM118J-8 


X 


X 

LM118J 


X 



LM118W 




X 

LM119H 


X 

X 


LM119J 


X 

X 


LM120H-12 


X 



LM120H-15 


X 



LM120H-5.0 


X 



LM120K-12 


X 



LM120K-15 


X 



LM120K-5.0 


X 



LM121AH 


X 



LM121H 


X 



LM122H 


X 



LM123KSTEEL 


X 



LM124AJ 


X 



LM124J 


X 


X 

LM125H 


X 



LM126H 


X 



LM129AH 


X 



LM129BH 


X 



LM131AH 


X 



LM131H 


X 



LM135H 


X 



LM136AH-2.5 


X 

X 


LM136H-2.5 


X 



LM136H-5.0 


X 



LM137H 


X 

X 


LM137HVH 


X 

X 


LM137HVKSTEEL 


X 

X 


LM137KSTEEL 


X 

X 


LM138KSTEEL 


X 



LM139AJ 


X 



LM139J 


X 


X 


*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL”. 


8-16 




Military Analog Products Available From National Semiconductor 

Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


Device Type 

Mil * 

Class B 

883 

Class B 

Desc 

JAN 

LM139W 




X 

LM140AK-12 


X 



LM140AK-15 


X 



LM140AK-5.0 


X 



LM140K-12 


X 



LM140K-15 


X 



LM140K-5.0 


X 



LM140LAH-12 


X 



LM140LAH-15 


X 



LM140LAH-5.0 


X 



LM143H 


X 

X 


LM144H 


X 

X 


LM145K-5.0 


X 



LM145K-5.2 


X 



LM146J 


X 



LM148J 


X 


X 

LM149J 


X 



LM150KSTEEL 

X 




LM1536H 


X 

X 


LM1558H 


X 



LM1558J 


X 



LM158AH 


X 



LM158AJ 


X 



LM158H 


X 



LM158J 


X 



LM1596H 

X 




LM160H 


X 



LM160J-14 


X 



LM160J 


X 



LM161F 

X 






X 



LM161J 


X 



LM185BXH-1.2 


X 



LM185BYH-1.2 


X 




Device Type 

Mir 

Class B 

883 

Class B 

Desc 

JAN 

LM185H-1.2 


X 



LM193AH 


X 



LM193H 


X 


X 

LM193J-8 




X 

LM193W 




X 

LM194H 


X 





X 





X 



LM1 99AH-20 


X 



LM199AH 


X 



LM199H 


X 



LM4250H 

X 




LM4250J 

X 




LM555H 


X 



LM555J 


X 



LM556J 

X 




LM567H 


X 



LM709AH 


X 



LM709H 


X 



LM710H 


X 



LM723H 


X 



LM723J 




X 

LM725H 


X 




X 




LM741 AJ-14 


X 



LM741AJ 


X 



LM741H 


X 


X 

LM741 5-14 


X 



LM741J 


X 


X 

LM741W 




X 

LM747H 


X 


X 

LM747J 


X 



LM748H 


X 



LM748J 


X 




*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL”. 
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INTRODUCTION 

The short and long term reliability of National Semiconduc- 
tor’s interface circuits, like any integrated circuit, is very de- 
pendent on its environmental condition. Beyond the me- 
chanical/environmental factors, nothing has a greater influ- 
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im- 
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter- 
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub” curve plotting fail- 
ure rate versus time. Similar to all system hardware (me- 
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 



EARLY LIFE USEFUL LIFE WEAROUT TIME 

TL/H/9312-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time to to tl (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem- 
bly and handling, and initial system test and operation. Al- 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 


Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
“units of measure” for device reliability are inversely relat- 
ed: 


Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between tl and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me- 
chanical stress, thermal cycling, and electrical stress. How- 
ever, die temperature during the device’s useful life plays an 
equally important role in triggering the onset of wearout. 


FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur- 
rence of these failures is a function which can be represent- 
ed by the Arrhenius Model. Well validated and predominant- 
ly used for accelerated life testing o' integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex- 
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow- 
ing equation: 



Where: XI = Failure rate at junction temperature Tl 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman’s constant 
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However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 130°C to 160°C, re- 
sults in a 10 to 1 increase in failure rate. 



30 60 90 120 150 180 210 

JUNCTION TEMPERATURE (°C) 

TL/H/9312-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 

t j = Ta + Pd (0ja) 

Where: Tj = Die junction temperature 

Ta = Ambient temperature in the vicinity device 
Pq = Total power dissipation (in watts) 

0JA = Thermal resistance junction-to-ambient 
0ja, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All circuit data sheets specify the thermal char- 
acteristics and capabilities of the packages available for a 
given device under specific conditions — these package 
power ratings directly relate to thermal resistance junction- 
to-ambient or 0 ja- 

Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using 1C components. 



FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



FIGURE 4. Thermal Flow (Predominant Paths) 


TL/H/9312-4 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
0ja, worst-case ambient operating temperature, TA(max), 
the only unknown parameter is device power dissipation, 
Pd- In calculating this parameter, the dissipation of the inte- 
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re- 
sistance of 63°C/ W is 1 08°C. 

Tj = 70°C + (63°C/W) X (0.6W) = 108°C 
The next obvious question is, “how safe is 108°C?” 
MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 
What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the maximum allowable junction temperature is 
175°C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 
Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi- 
mum allowable temperature is 150°C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1 .98W as given by the following calculation: 


P D @ 25°C = 


Tj(max)-T A 

0JA 


1 50°C — 25°C 
63°C/W 


1.98W 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 

Derating Factor = — — 

0JA 

As mentioned, Figure 5 is a plot of the safe thermal operat- 
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 150°C — the limit for a molded pack- 
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 1 50°C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150°C and 
is not an appropriate operating condition. 



25 50 75 100 125 150 175 

TEMPERATURE (°C) 


TL/H/9312-5 

FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all integrated circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mW/°C. For our example — a 0 ja of 
63°C/W relates to a derating factor of 1 5.9 mW/°C. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 
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Die Size 

Figure 6 shows a graph of our 1 6-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases — this 
relates directly to having a larger area with which to dissi- 
pate a given power. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-6 

FIGURE 6. Thermal Resistance vs Die Size 
Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame — these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 


TL/H/9312-7 

FIGURE 7. Thermal Resistance vs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor’s interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-8 

FIGURE 8. Thermal Resistance vs 
Board or Socket Mount 

Air Flow 

When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor’s interface 
circuits data sheets relate to the still air environment. 



AIR FLOW (LINEAR FEET/ MINUTE) 

TL/H/9312-9 

FIGURE 9. Thermal Resistance vs Air Flow 
Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech- 
niques are required only in the very highest of power appli- 
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (0ja) and thermal resistance 
junction-to-case (0jc)- The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used in extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 
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NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Linear Circuits product family. Fig- 
ure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther- 
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist- 
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Linear Products 
define power dissipation (thermal) capability. This informa- 
tion can be found in the Absolute Maximum Ratings section 
of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from ±10% to ±15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the linear data 


sheets reflect a 1 5% safety margin from the average num- 
bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 

The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

* Derate cavity package at 10 mW/°C above 25°C; derate molded package 
at 11.8 mW/°C above 25°C. 

If the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 
P D @ 70°C = 1 476 mW - (1 1 .8 mW/°C) X (70°C - 25°C) 

= 945 mW 


Molded (N Package) DIP* 
Copper Leadframe— HTP 
Die Attach Board Mount — 
Still Air 



'Packages from 8- to 20-pin 0.3 mil width TL/H/9312-10 


22-pin 0.4 mil width 


24- to 40-pin 0.6 mil width 


FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 


Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount-— Still Air 
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'Packages from 8- to 20-pin 0.3 mil width TL/H/9312-1 1 

22-pin 0.4 mil width 
24- to 48-pin 0.6 mil width 

FIGURE 11. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 



0 jA - THERMAL RESISTANCE FOR "SO" PACKAGES 
(BOARD MOUNT) 


TL/H/9312-1 2 

FIGURE 12 
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APPENDIX F 

How to Get the Right Information From a Data Sheet 

Not All Data Sheets Are Created Alike, and False Assumptions Could Cost an Engineer Time and Money 

By Robert A. Pease 


When a new product arrives in the marketplace, it hopefully 
will have a good, clear data sheet with it. 

The data sheet can show the prospective user how to apply 
the device, what performance specifications are guaranteed 
and various typical applications and characteristics. If the 
data-sheet writer has done a good job, the user can decide 
if the product will be valuable to him, exactly how well it will 
be of use to him and what precautions to take to avoid 
problems. 

SPECIFICATIONS 

The most important area of a data sheet specifies the char- 
acteristics that are guaranteed— and the test conditions that 
apply when the tests are done. Ideally, all specifications that 
the users will need will be spelled out clearly. If the product 
is similar to existing products, one can expect the data 
sheet to have a format similar to other devices. 

But, if there are significant changes and improvements that 
nobody has seen before, then the writer must clarify what is 
meant by each specification. Definitions of new phrases or 
characteristics may even have to be added as an appendix. 
For example, when fast-settling operational amplifiers were 
first introduced, some manufacturers defined settling time 
as the time after slewing before the output finally enters and 
stays within the error-band; but other manufacturers includ- 
ed the slewing time in their definition. Because both groups 
made their definitions clear, the user was unlikely to be con- 
fused or misled. 

However, the reader ought to be on the alert. In a few cas- 
es, the data-sheet writer is playing a specsmanship game, 
and is trying to show an inferior (to some users) aspect of a 
product in a light that makes it look superior (which it may 
be, to a couple of users). 

GUARANTEES 

When a data sheet specifies a guaranteed minimum value, 
what does it mean? An assumption might be made that the 
manufacturer has actually tested that specification and has 
great confidence that no part could fail that test and still be 
shipped. Yet that is not always the case. 

For instance, in the early days of op amps (20 years ago), 
the differential-input impedance might have been guaran- 
teed at 1 Mfl — but the manufacturer obviously did not mea- 
sure the impedance. When a customer insisted, “I have to 
know how you measure this impedance,” it had to be ex- 
plained that the impedance was not measured, but that the 
base current was. The correlation between lb and Zj n per- 
mitted the substitution of this simple dc test for a rather 
messy, noisy, hard-to-interpret test. 


Reprinted by permission from Electronic Engineering Times. 


Every year, for the last 20 years, manufacturers have been 
trying to explain, with varying success, why they do not mea- 
sure the Zj n per se, even though they do guarantee it. 

In other cases, the manufacturer may specify a test that can 
be made only on the die as it is probed on the wafer, but 
cannot be tested after the die is packaged because that 
signal is not accessible any longer. To avoid frustrating and 
confusing the customer, some manufacturers are establish- 
ing two classes of guaranteed specifications: 

0 The tested limit represents a test that cannot be doubt- 
ed, one that is actually performed directly on 100 percent 
of the devices, 100 percent of the time. 

© The design limit covers other tests that may be indirect, 
implicit or simply guaranteed by the inherent design of 
the device, and is unlikely to cause a failure rate (on that 
test), even as high as one part per thousand. 

Why was this distinction made? Not just because customers 
wanted to know which specifications were guaranteed by 
testing, but because the quality-assurance group insisted 
that it was essential to separate the tested guarantees from 
the design limits so that the AQL (assurance-quality level) 
could be improved from 0.1 percent to down below 
100 ppm. 

Some data sheets guarantee characteristics that are quite 
expensive and difficult to test (even harder than noise) such 
as long-term drift (20 ppm or 50 ppm over 1 ,000 hours). 
The data sheet may not tell the reader if it is measured, 
tested or estimated. One manufacturer may perform a 100- 
percent test, while another states, ‘‘Guaranteed by sample 
testing.” This is not a very comforting assurance that a part 
is good, especially in a critical case where only a long-term 
test can prove if the device did meet the manufacturer’s 
specification. If in doubt, question the manufacturer. 

TYPICALS 

Next to a guaranteed specification, there is likely to be an- 
other in a column labeled ‘‘typical”. 

It might mean that the manufacturer once actually saw one 
part as good as that. It could indicate that half the parts are 
better than that specification, and half will be worse. But it is 
equally likely to mean that, five years ago, half the parts 
were better and half worse. It could easily signify that a few 
parts might be slightly better, and a few parts a lot worse; 
after all, if the noise of an amplifier is extremely close to the 
theoretical limit, one cannot expect to find anything much 
better than that, but there will always be a few noisy ones. 
If the specification of interest happens to be the bias current 
(lb) of an op amp, a user can expect broad variations. For 
example, if the specification is 200 nA maximum, there 
might be many parts where ^ is 40 nA on one batch (where 
the beta is high), and a month later, many parts where the ^ 
is 140 nA when the beta is low. 
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Absolute Maximum Ratings (Note id 





* 


If Military/Aerospace specified devices are required, 

Lead Temp. (Soldering, 

\ seconds 


please contact the 

National Semiconductor 

Sales 

TO-46 Package 



+ 300°C 

Office/Distributors for availability and specifications. 

TO-92 Packaae 



+ 260°C 

Supply Voltage 

+ 35V to -0.2 V 

Specified Operating Temp. Range (Note 2) 

Output Voltage 

+ 6V to -1.0V 





Tmin to T M ax 

Output Current 


10 mA 

LM34, LM34A 



— 50°F to +300°F 

Storage Temperature, 



LM34C, LM34CA 


— 40°F to + 230°F 

TO-46 Package 

— 76°F to + 356°F 

LM34D 



+ 32° F to +212°F 

TO-92 Package 

— 76°F to + 300°F 







DC Electrical Characteristics (Note i, Note 6) 








LM34A 

LM34CA 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 

Accuracy (Note 7) 

T A = +77°F 

±0.4 

±1.0 


±0.4 

±1.0 


°F 


T A = 0°F 

±0.6 



±0.6 


±2.0 

°F 


t a = T MAX 

±0.8 

±2.0 


±0.8 

±2.0 


°F 


Ta = Tmin 

±0.8 

±2.0 


±0.8 


±3.0 

°F 

Nonlinearity (Note 8) 

Tmin ^ T a ^ T MA x 

±0.35 


±0.7 

±0.30 


±0.6 

°F 

Sensor Gain 

Tmin ^ T a ^ T M ax 

+ 10.0 

+ 9.9, 


+ 10.0 


+ 9.9, 

mV/°F, min 

(Average Slope) 



+ 10.1 




+ 10.1 

mV/°F, max 

Load Regulation 

T a =+77°F 

±0.4 

±1.0 


±0.4 

±1.0 


mV/mA 

(Note 3) 

Tmin ^ t a ^ t M ax 

0 < l|_ < 1 mA 

±0.5 


±3.0 

±0.5 


±3.0 

mV/mA 

Line Regulation (Note 3) 

T A = +77°F 

±0.01 

±0.05 


±0.01 

±0.05 


mV/V 


5 V ^ V s < 30V 

±0.02 


±0.1 

±0.02 


±0.1 

mV/V 

Quiescent Current 

V s = +5V, +77°F 

75 

90 


75 

90 


jx A 

(Note 9) 

V s = + 5V 

131 


160 

116 


139 

fxA 


V s = +30V, + 77°F 

76 

92 


76 

92 


fiA 


V s = +30V 

132 


163 

117 


142 

1 xA 

Change of Quiescent 

4V < V s ^ 30V, + 77°F 

+ 0.5 

2.0 


0.5 

2.0 


juA 

Current (Note 3) 

5V < V s ^ 30V 

+ 1.0 


3.0 

1.0 


3.0 

julA 

Temperature Coefficient 
of Quiescent Current 


+ 0.30 


+ 0.5 

+ 0.30 


+ 0.5 

julA/°F 

Minimum Temperature 

In circuit of Figure 1, 

+ 3.0 


+ 5.0 

+ 3.0 


+ 5.0 

°F 

for Rated Accuracy 

l|_ “ 0 




Long-Term Stability 

Tj = Tmax for 1000 hours 

±0.16 



±0.16 



°F 

Note 1: Unless otherwise noted, these specifications apply: -50°F ^ Tj £ 

+ 300°F for the LM34 and LM34A; -40°F £ Tj £ 

+ 230°F for the LM34C and j 

LM34CA; and + 32°F ^ Ti ^ + 21 2°F for the LM34D. V s = + 5 Vdc and I LO ad = 50 jiA in the circuit of Figure 2; + 6 Vdc for LM34 and LM34A for 230°F ^ Tj ^ 

300°F. These specifications also apply from +5°F to Tmax in the circuit of Figure 1. 






Note 2: Thermal resistance of the TO-46 package is 292°F/W junction to ambient and 43°F/W junction to case. Thermal resistance of the TO-92 package is 

324°F/W junction to ambient. 









Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 

computed by multiplying the internal dissipation by the thermal resistance. 
Note 4: Tested limits are guaranteed and 100% tested in production. 







Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 

calculate outgoing quality levels. 








Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 






j Note 7: Accuracy is defined as the error between the output voltage and 1 0 mV/°F times the device’s case temperature at specified conditions of voltage, current, 

and temperature (expressed in °F). 








Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 

range. 









Note 9: Quiescent current is defined in the circuit of Figure 1. 
Note 10: Contact factory for availability of LM34CAZ. 








j ^ Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 

operating the device beyond its rated operating conditions (see Note 1). 
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A Point-By-Point Look 

Let’s look a little more closely at the data sheet of the Na- 
tional Semiconductor LM34, which happens to be a temper- 
ature sensor. 

Note 1 lists the nominal test conditions and test circuits in 
which all the characteristics are defined. Some additional 
test conditions are listed in the column “Conditions”, but 
Note 1 helps minimize the clutter. 

Note 2 gives the thermal impedance, (which may also be 
shown in a chart or table). 

Note 3 warns that an output impedance test, if done with a 
long pulse, could cause significant self-heating and thus, 
error. 

Note 6 is intended to show which specs apply at all rated 
temperatures. 

Note 7 is the definition of the “Accuracy” spec, and Note 8 
the definition for non-linearity. Note 9 states in what test 
circuit the quiescent current is defined. Note 10 indicates 
that one model of the family may not be available at the time 
of printing (but happens to be available now), and Note 1 1 is 
the definition of Absolute Max Ratings. 

* Note — the “4 seconds” soldering time is a new standard 
for plastic packages. 

** Note— the wording of Note 11 has been revised — this is 
the best wording we can devise, and we will use it on all 
future datasheets. 

APPLICATIONS 

Another important part of the data sheet is the applications 
section. It indicates the novel and conventional ways to use 
a device. Sometimes these applications are just little ideas 
to tweak a reader’s mind. After looking at a couple of appli- 
cations, one can invent other ideas that are useful. Some 
applications may be of no real interest or use. 

In other cases, an application circuit may be the complete 
definition of the system’s performance; it can be the test 
circuit in which the specification limits are defined, tested 
and guaranteed. But, in all other instances, the performance 
of a typical application circuit is not guaranteed, it is only 
typical. In many circumstances, the performance may de- 
pend on external components and their precision and 
matching. Some manufacturers have added a phrase to 
their data sheets: 

“Applications for any circuits contained in this document are 
for illustration purposes only and the manufacturer makes 
no representation or warranty that such applications will be 
suitable for the use indicated without further testing or modi- 
fication.” 

In the future, manufacturers may find it necessary to add 
disclaimers of this kind to avoid disappointing users with 
circuits that work well, much of the time, but cannot be easi- 
ly guaranteed. 

The applications section is also a good place to look for 
advice on quirks — potential drawbacks or little details that 
may not be so little when a user wants to know if a device 
will actually deliver the expected performance. 

For example, if a buffer can drive heavy loads and can han- 
dle fast signals cleanly (at no load), the maker isn’t doing 
anybody any favors if there is no mention that the distortion 
goes sky-high if the rated load is applied. 


Another example is the application hint for the LF1 56 family: 
“Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to output and force the 
amplifier output to the corresponding high or low state. Ex- 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur, since raising the input back within the 
common-mode range again puts the input stage and, thus 
the amplifier, in a normal operating mode.” 

That’s the kind of information a manufacturer should really 
give to a data-sheet reader because no one could ever 
guess it. 

Sometimes, a writer slips a quirk into a characteristic curve, 
but it’s wiser to draw attention to it with a line of text. This is 
because it’s better to make the user sad before one gets 
started, rather than when one goes into production. Con- 
versely, if a user is going to spend more than 10 minutes 
using a new product, one ought to spend a full five minutes 
reading the entire data sheet. 

FINE PRINT 

What other fine print can be found on a data sheet? Some- 
times the front page may be marked “advance” or “prelimi- 
nary.” Then on the back page, the fine print may say some- 
thing such as: 

“This data sheet contains preliminary limits and design 
specifications. Supplemental information will be published 
at a later date. The manufacturer reserves the right to make 
changes in the products contained in this document in order 
to improve design or performance and to supply the best 
possible products. We also assume no responsibility for the 
use of any circuits described herein, convey no license un- 
der any patent or other right and make no representation 
that the circuits are free from patent infringement.” 

In fact, after a device is released to the marketplace in a 
preliminary status, the engineers love to make small im- 
provements and upgrades in specifications and characteris- 
tics, and hate to degrade a specification from its first pub- 
lished value— but occasionally that is necessary. 

Another item in the fine print is the manufacturer’s tele- 
phone number. Usually it is best to refer questions to the 
local sales representative or field-applications engineer, be- 
cause they may know the answer or they may be best able 
to put a questioner in touch with the right person at the 
factory. 

Occasionally, the factory’s applications engineers have all 
the information. Other times, they have to bring in product 
engineers, test engineers or marketing people. And some- 
times the answer can’t be generated quickly — data have to 
be gathered, opinions solidified or policies formulated be- 
fore the manufacturer can answer the question. Still, the 
telephone number is the key to getting the factory to help. 

ORIGINS OF DATA SHEETS 

Of course, historically, most data sheets for a class of prod- 
ucts have been closely modeled on the data sheet of the 
forerunner of that class. The first data sheet was copied to 
make new versions. 

That’s the way it happened with the UA709 (the first mono- 
lithic op amp) and all its copies, as well as many other simi- 
lar families of circuits. 
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Appendix F 


Even today, an attempt is made to build on the good things 
learned from the past and add a few improvements when 
necessary. But, it’s important to have real improvements, 
not just change for the sake of change. 

So, while it’s not easy to get the format and everything in it 
exactly right to please everybody, new data sheets are con- 
tinually surfacing with new features, applications ideas, 
specifications and aids for the user. And, if the users com- 
plain loudly enough about misleading or inadequate data 
sheets, they can help lead the way to change data sheets. 
That’s how many of today’s improvements came about — 
through customer demand. 

Who writes data sheets? In some cases, a marketing per- 
son does the actual writing and engineers do the checking. 
In other companies, the engineer writes, while marketing 
people and other engineers check. Sometimes, a commit- 
tee seems to be doing the writing. None of these ways is 
necessarily wrong. 

For example, one approach might be: The original designer 
of the product writes the data sheet (inside his head) at the 
same time the product is designed. The concept here is, if 
one can’t find the proper ingredients for a data sheet — good 
applications, convenient features for the user and nicely 
tested specifications as the part is being designed — then 
maybe it’s not a very good product until all those ingredients 
are completed. Thus, the collection of raw materials for a 
good data sheet is an integral part of the design of a prod- 
uct. The actual assembly of these materials is an art which 
can take place later. 


WHEN TO WRITE DATA SHEETS 

A new product becomes available. The applications engi- 
neers start evaluating their application circuits and the test 
engineers examine their production test equipment. 

But how can the users evaluate the new device? They have 
to have a data sheet — which is still in the process of being 
written. Every week, as the data sheet writer tries to polish 
and refine the incipient data sheet, other engineers are re- 
porting, “These spec limits and conditions have to be re- 
vised,” and, “Those application circuits don’t work like we 
thought they would; we’ll have one running in a couple of 
days.” The marketing people insist that the data sheet must 
be finalized and frozen right away so that they can start 
printing copies to go out with evaluation samples. 

These trying conditions may explain why data sheets always 
seem to have been thrown together under panic conditions 
and why they have so many rough spots. Users should be 
aware of the conflicting requirements: Getting a data sheet 
“as completely as possible” and “as accurately as possi- 
ble” is compromised if one wants to get the data sheet “as 
quickly as possible.” 

The reader should always question the manufacturer. What 
are the alternatives? By not asking the right question, a mis- 
understanding could arise; getting angry with the manufac- 
turer is not to anyone’s advantage. 

Robert Pease has been staff scientist at National Semicon- 
ductor Corp., Santa Clara, Calif., for eleven years. He has 
designed numerous op amps, data converters, voltage reg- 
ulators and analog-circuit functions. 
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National 

Semiconductor 

Appendix G 

Obsolete Product Replacement Guide 


Some device types, individual temperature grades and package options have been discontinued. This guide is provided to help 
design engineers select and specify an appropriate alternative. 


Note 1: IMPROVED REPLACEMENT: Pin for Pin replacement with superior electrical specifications. 

Note 2: FUNCTIONAL REPLACEMENT: Consult datasheet to determine suitability of the replacement for specific application. 

Note 3: SIMILAR DEVICE with superior performance: Consult datasheet to determine suitability of the replacement for specific application. 


NSC Part Number 

Replacement 

Note 

ADB1200 

ADC3711 

2 

DAC1 200/1 201 

DAC1265 

2 

LF352 

LM3631 

2 

LF13300 

ADC3711 

2 

LH0001 

LM4250 

2 

LH0005/LH0005A 

LH0003 

2 

LH0037 

LH0036 

3 

LH0132 

LH0032 

2 

LH2011 

LM1 1 

2 

LH2201A 

LM201A 

2 

LH2208 

LM208 

2 

LH2208A 

LM208A 

2 

LH24250 

LM1 1 

2 

LM1 70/270/370 

LM13600N 

2 

LM1 71/271/371 

no replacement 


LM1 72/272/372 

no replacement 


LM1 73/273/373 

no replacement 


LM1 74/274/374 

no replacement 


LM1 75/275/375 

no replacement 


LM216/316 

LM1 1 

2 

LM388N-2/N-3 

LM388N-1 

2 

LM377N 

LM2877P 

3 

LM378N 

LM2878P 

3 

LM379 

LM2879T 

3 

LM1014 

no replacement 


LM1017 

no replacement 


LM1019 

no replacement 


LM1821S 

LM1823 

2 


NSC Part Number 

Replacement 

Note 

LM1822 

LM1823 

3 

LM1828 

no replacement 


LM1848 

no replacement 


LM1877N-1 /N-2/N-3 

LM1877N-9 

2 

LM2003 

no replacement 


LM2808 

no replacement 


LM2831 

LM1851 

2 

LM3011 

no replacement 


LM3064 

no replacement 


LM3075 

no replacement 


TBA120V 

no replacement 


TBA440C 

LM1823 

2 

TBA510 

no replacement 


TBA530 

no replacement 


TBA540 

no replacement 


TBA560C 

no replacement 


TBA920 

no replacement 


TBA950-2 

no replacement 


TBA970 

no replacement 


TBA990 

no replacement 


TDA440 

no replacement 


TDA2522/23 

no replacement 


TDA2530 

no replacement 


TDA2530/31 

no replacement 


TDA2540/41 

no replacement 


TDA2560 

no replacement 


TDA2590 

no replacement 


TDA3500 

no replacement 
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i/WA National 
Jum Semiconductor 


All dimensions are in inches (millimeters) 


8 Lead Hermetic Dual-In-Line Package (D) 
NS Package Number D08C 


0.008-0.015 

(0.203-0.381) 


0.300 

(7.620) 

REF 



14 Lead Hermetic Duai-ln-Line Package (D) 
NS Package Number D14E 





14 Lead Hybrid Metal Can Dual-ln-Line Package (D) 
NS Package Number D14F 


0,880±0.020 

{22.35 ±0.508) 

t S' 


14 13 

12 

11 

10 

9 

8 

1 2 

3 

4 

5 

6 

7 

O 



° 

0 

° 


0.50D±0.010 

(12.7±0.254) 



(2.032) 

RAD 

TYP 



D14F (REV A) 


16 Lead Hermetic Dual-ln-Line Package (D) 
NS Package Number D16C 


0.810 




1 AND 16) 


D16C (REV H) 




16 Lead Hybrid Metal Can Dual-ln-Line Package (D) 
NS Package Number D16D 


0.500 ±0.010 
"(12.70 ±0.254)“ 

0.420 ±0.010 
"*(10.668 ±0.254)" 


0.980+0.020 
" (24.89±5.080) " 

0.900^0.010 

(22.86+0.254) 


0.300 ±0.010 
^ (7.620 ±0.254) 


—IK K K 


0.015-0.020 

(0.381-0.508) 


0.300 +0.010 
(7.620 ±0.254) 



0.500 +0.010 
(12.70 ±0.254) 


24 Lead Hybrid Sidebrazed Dual-In Line Package (D) 
NS Package Number D24D 


1.295 

(32.89) 

MAX 

1.263 

(32.08) 

MAX 

24 23 22 21 20 19 IB 17 16 15 14 13 



0.050 ±0.01 5 
(1.270 ±0.127) ~ | 


0.10010.010 

1 (2.54010.254) 1 

K 

II 0.015-0.020 
"HI (0.381-0.508) 

PIN NO. 1 TYP 


TYP 

IDENTIFICATION 

ON BRAZE PAD 



(OPTIONAL) 







24 Lead (Hybrid Bottom Brazed) Hermetic Dual-In-Line Package (D) 
NS Package Number D24J 




( 15 . 24 ) 

REF 



024J (REV A) 


20 Leadiess Chip Carrier, Type C (E) 
NS Package Number E20A 



Top View 


0.063-0.075 

(1.600-1.905) 



Side View 


0,20Q±0.005 

(5.080±0.127) 



Bottom View 


0 003 -2UL 

r (0.381) 

1AXTYP 

0.022 A A 

T - ■ ■ -_T_ 0.0Q6 

-(0.152) 
MIN TYP 



Detail A 

E20A |REV Dl 
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Physical Dimensions 



48 Pin Chip Carrier, Type C (E) 
NS Package Number E48A 





12 Lead (0.400" Square Pattern) Metal Can Package (G) 
NS Package Number G12B 






3 Lead (0.200" Diameter P.C.) Metal Can Package (H) 
NS Package Number H03A 




3 Lead (0.200" Diameter P.C.) TO-39 Metal Can Package (H) 
NS Package Number H03B 
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Physical Dimensions 





8 Lead (0.230" Diameter P.C.) Metal Can Package (H) 
NS Package Number H08A 



8 Lead (0.230" Diameter P.C.) Metal Can Package (H) 
NS Package Number H08B 





8 Lead (0.200" Diameter P.C.) TO-99 Metal Can Package (H) 
NS Package Number H08C 



8 Lead (0.230" Diameter P.C.) Metal Can Package (H) 
NS Package Number H08D 





10 Lead (0.230" Diameter P.C.) TO-100 Metal Can Package (H) 
NS Package Number H10C 


0.165-0.185 

(4.191-4.699) 


0.500 0.035 

(12.70) (0.889) 
MIN MAX 


0.350-0.370 

"(8.890-9.398) 

DIA 

0.315-0.335 
* (8.001 -8.509) 
DIA 



n n?*> MAX 

uncontrolled 
(0.635) LEAD Q1A 


0.015-0.040 
(0.381 -1.016) 


■REFERENCE PLANE 
-SEATING PLANE 


0.028-0.034 
^ (0.711-0.864) 


0.029-0.045 

(0.737-1.143) 


0.115-0.145 

(2.921-3.683) 

DIA 


10 Lead (0.230" Diameter P.C.) Metal Can Package (H) 
NS Package Number HI OF 



(8.890-9.398) 
0.315-0.335 
(8.001 -8.509f 







10 Lead (0.230" Diameter P.C.) Metal Can Package (H) 
NS Package Number H10G 




H10G (REV B) 


8 Lead Dual-ln-Line Hybrid Package (J) 
NS Package Number HY08A 



EPOXY SEALANT 




HY08A (REV B) 



8 Lead Ceramic Dual-ln-Line Package (J) 
NS Package Number J08A 





14 Lead Ceramic Dual-ln-Line Package (J) 
NS Package Number J14A 


0.785 










Physical Dimensions 


2 Lead TO-3 Aluminum Metal Can Package (K or KC) 
NS Package Number KC02A 



0.420 — 0.440 



2 Lead TO-3 Metal Can Package (K) 
NS Package Number K02A 


0.880 - 0.915 
( 22 . 35 - 23 . 24 ) 



T~ 

0.002 

( 0 . 051 ) 

MINTYP 


0 . 980 - 1.020 
( 24.892 - 25 . 908 ) 


K02A (REV F) 


8-40 




2 Lead TO-3 Metal Can Package (K) 
NS Package Number K02B 


0.880-0.915 

(22.35-23.24) 


(0.635) 

MAX- 

UNCONTROLIED 

LEADDIA 


0.760 - 0.775 
(19.304- 19.685) 

DIA 0.060-0.070 


0.325 - 0.350 
(8.255 - 8.890) 
0.420 - 0.480 
(10.668 - 12.192) 



0.490 -0.510 
(12.446 - 12.954) 


0.168-0.178 
(4.267 - 4.521) • 
RAD 

0.151-0.161 
(3.835 -4.089 



0.425 - 0.435 
(10.795-11.049) 


0.660 - 0.670 
(16.764-17.018) 


(29.895 - 30.404) 
DIA 


4 Lead TO-3 Metal Can Package (K) 
NS Package Number K04A 


0.325-0.350 

(8.255-8.89) 


0.760-0.775 

(19.30-19.69) 

DIA 


0.880-0.915 

(22.35-23.24) 



0.420-0.480 

(10.69-12.19) 


0.025 

(0.635) 

MAX UNCONTROLLED 
LEAD DIA 


0.038-0.043 

(0.965-1.092) 


0.060-0.070 

(1.524-1.778) 


1.177-1.197 

(29.90-30.40) 

DIA 


0.490-0.510 

(12.45-12.95) 






0.460-0.460 

"(11.68-12.19) 


8 


8 - 


Physical Dimensions 





8 Lead TO-3 Metal Can Package (K) 
NS Package Number K08A 



0.490-0.510 
(12.446-12.954) 0 
LEAD CIRCLE 



K08A (REV C) 


8 Lead (0.150" Wide) Small Outline Molded Package (M) 
NS Package Number M08A 





14 Lead (0.150" Wide) Small Outline Molded Package (M) 
NS Package Number M14A 


0 . 010 - 0.020 
(0.254-0.508) X & ' 



0.008-0.010 
(0.203-0.254) 
TYP ALL LEADS 


(3.810-3.988) 

r 




0.004 

( 0 . 102 ) 

ALL LEAD TIPS 


8° MAX TYP 
ALL LEADS 


I 



0.016-0.050 
(0.406-1.270) 
TYP ALL LEADS 



0.053-0.069 

(1.346-1.753) 



14 Lead (0.300" Wide) Small Outline Molded Package (WM) 
NS Package Number M14B 




0.093-0.104 

(2.362-2.642) 


J t 


0.004-0.012 
305) 


t 

0.037-0.044 

(0.940-1.118) 


r 


I 1 ( 0 . 102 - 0 .: 

tinnjxmi 4 


0.050 

(1.270) 


_SEATING 

PLANE 


0.014-0.019 - 


(0.356-0.483) 




Physical Dimensions 


16 Lead (0.150" Wide) Small Outline Molded Package (M) 
NS Package Number M16A 




0.053 -0.069 
(1.346-1.753) 


0.004-0.010 

(0.102-0.254) 




\ Jl seating 

t t 

Mli 

L 0050 

(1.270) 

TYP 

J 

A PLANE 

0.014 -0.020 typ 

(0.356) 

0 008 

— SLlEiLtYP 

(0.356-0.508) 


(0.203) 


16 Lead (0.300" Wide) Small Outline Molded Package (WM) 
NS Package Number M16B 




0.093-0.104 

(2.362-2.642) 


SEATING 

PLANE 
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20 Lead (0.300" Wide) Small Outline Molded Package (M) 
NS Package Number M20B 




0.093-0.104 

(2.362-2.642) 


1 / 


=1 0.004 - 0.012 

\ (0.102 - 0.305) 



^ -J 1 SEATING 

tt ; i 


| PLANE 

1 -Mli 0.Q5Q 

(0.3S6) -*1 U-£®j 

— 

: 0.014 -0.020 tvp 

(0.356 - 0.508) 

TYP 

0.008 tvp 
“ (0.203) 

M20B (REV F) 


8 Lead Molded Dual-ln-Line Package (N) 
NS Package Number N08E 



0.060 




Physical Dimensions 


10 Lead Molded Dual-ln-Line Package (N) 
NS Package Number N10A 
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16 Lead Molded Dual-ln-Line Package (N) 
NS Package Number N16A 



N16A (REV E) 


18 Lead Molded Dual-ln-Line Package (N) 
NS Package Number N18A 



N18A (REV E) 
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Physical Dimensions 



20 Lead Molded Dual-In-Line Package (N) 
NS Package Number N20A 





N20A (REV G) 


3 Lead TO-202 Molded Package (P) 
NS Package Number P03A 






3 Lead TO-220 Molded Package (T) 
NS Package Number T03B 



5 Lead TO-220 Molded Package (T) 
NS Package Number T05A 



TOSAIKVHI 
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Physical Dimensions 




5 Lead TO-220 Molded Package (T) 
NS Package Number T05B 



isnaf 


1 1 Lead TO-220 Molded Package (T) 
NS Package Number TA1 1 A 
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